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PKEFACE 

The growing importance of electrical signalling in 
mining operations and the dearth of literature treating 
on this particular subject has induced the author to 
prepare this volume in the hope that it will fill a want 
felt by practical men <?ngag^d jjri xhe )^r>yk. 

The use of electricity for signalling purposes has now 
held a place in mining for ii. lengthy period, extending 
over the past fifty years; I/uring this time it has 
progressed from being ^f ^A^ simplesi possible descrip- 
tion, suited to the leisurely methods incidental to 
mining at this early date, to the more complicated 
systems of the present day, the introduction of which 
is due chiefly to the constant efforts now being made to 
speed up the winding and haulage arrangements of a 
mine. 

In preparing this volume, the author has endeavoured 

to carry out two objects, viz., to illustrate and describe 

such apparatus which, as the result of experience, has 

\ been found to give the best results in practical mining 

\ work, and further to indicate, by the aid of plans and 

diagrams, the most approved methods of installing 

"^ the apparatus and maintaining the same in working 

^ order. 

In following out this course, it has been necessary, 
in order to render the work as complete as possible, to 
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PREFACE 



obtain assistance from a number of manufacturers 
who have been good enough to supply various parti- 
culars concerning their patented and other electrical 
mine signaUing apparatus, and to these firms the thanks 
of the author are due. 

G. W. L. P. 
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CHAPTER I 

INTRODUCTION 

Some system of signalling between different parts of 
a mine has been found indispensable from remote times. 

In the more primitive methods, mechanical means 
are relied upon solely to transmit the signals. The 
most ancient and still the favourite form of mechanical 
mine signal gear is the rapper consisting of a hammer 
or drop weight which is Ufted by a wire or rope and 
allowed to drop upon a loose metal plate. The signals 
are transmitted by giving a varying number of raps of 
the hammer, corresponding to a code of signals arranged 
for each particular case. This system is still largely 
used (and especially for shaft signalling) for the purpose 
of signalling over comparatively short distances, say, 
from 200 to 300 yards. When the distance exceeds 
this limit the difficulty of operating the system, due to 
the weight of the transmission rope and friction of the 
mechanism, becomes so pronounced that it is necessary 
to employ relays of men stationed at intermediate 
points to pass on the signals from the sending to the 
receiving stations. In consequence, the speed of 

B.M.S. B 
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INTRODUCTION 3 

however, must be, as sparking takes place, at the 
contacts which is quite capable of igniting any in- 
flammable gas or fire-damp which may be present in 
explosive proportions. In such circumstances the 
containing box must be strong enough to withstand the 
explosion of the small amount of gas contained in it 
without fracture, or contact with the outside gas. The 
wiring, in mines of this description, must also be 
arranged so that any sparking due to accidental con- 
tacts between bare portions of the wires or terminals 
of the apparatus is avoided. In some mining installa- 
tions the same line wires are used both for the purpose 
of telephoning and for bell signalling, but this practice 
is to be deprecated as there is a liabiUty for a telephone 
call to be mistaken at the engine-house for a bell signal, 
with the possibiUty of the engine being started or 
stopped at a moment when such a proceeding is not 
wanted, with consequent risk of loss of life or serious 
damage to the mine equipment. Separate circuits are 
therefore to be recommended for both telephones and 
signal bells. When an electric light or power installa- 
tion forms part of the equipment of a mine, no earth or 
ground returns for the system of conductors comprised 
in the signalUng installation should be adopted, as 
there is considerable risk of the instruments being 
burned up or the signal 'operators receiving a dangerous, 
if not fatal shock, should any accident happen to the 
insulation, or if the earthing or grounding arrangements 
of the higher voltage light or power circuits become 
defective, as often happens. 

The importance and efficiency of electrical mining 
signals has now been generally recognised by most of 
the principal mining countries of the world and special 

b2 



4 ELECTRIC MINE SIGNALLING 

rules have been elaborated regulating the construction 
and installation of the apparatus with a view to 
ensuring the greatest possible rehabiUty and safety in 
operation. An abstract of the Rules and Regulations 
issued by the British Home Office relating to electric 
mining signals, together with the corresponding Rules 
of the American Bureau of Standards, is contained in 
an]J^ Appendix. 



CHAPTER II 

RINGING KEYS AND TAPPERS 

Contact-making devices, such as ringing keys and 
tappers, etc., which are used for the purpose of trans- 
mitting signals form a very important part of electrical 
mine signaUing equipment. The primary essentials 
governing their design and construction are strength 
and simpUcity. For use on dry roads underground, 
cabins, and engine-houses, hardwood mountings are 
quite admissible, but wherever wet or dampness, or 
much dust is present, the contacts should be enclosed 
in brass or iron watertight cases. If this requirement is 
not eflSciently carried out, the contacts will, under such 
conditions, become encrusted with dirt rendering 
reliable signalling impossible, and if moisture is present 
they will quickly corrode owing to the electrolytic 
action set up by the current. For this last reason the 
contacts should always be mounted upon a separate 
ebonite or porcelain base and not direct on to wood or 
slate or similar material capable of absorbing moisture 
as sometimes is the case when the contacts are other- 
wise satisfactorily protected from damage by being 
fitted into a metal case. The closed circuit system of 
signaUing is very rarely adopted in mining work and 
for the most part the contact-making devices apper- 
taining to open circuit working are employed. These 
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^ay be either of two kinds, viz., (1) plain circuit 
closers similar in action to an ordinary bell push, and 
(2) Morse keys for return signalling. 

Morse Ringing Key or Tapper.— Fig. 1 shows the 
simplest form of mining key or tapper which may be 
^apted for either sending only or for return signalling. 
It consists of an ordinary Morse key having the contacts 
ttiounted.upon a poUshed hardwood block, forming the 
base of the key. 

The key is composed of three contacts, viz., two metal 
stud contacts and a brass contact bar. The contact 




Fig. 1. 



bar works on a steel pivot fixed into a brass bridge, the 
three contacts being insulated from each other through 
the medium of the hardwood base. The Morse key, as 
illustrated in Fig. 1, may be adapted for use either as a 
plain circuit closer, for return signalling, or for breaking 
the circuit, in closed circuit working. When arranged 
for return signalling the back stud contact is connected 
to the bell or return line terminal, the bar and bridge 
to the line and the front stud contact to the carbon or 
positive pole of the sending battery. This arrange- 
ment of the connections is shown in Fig. 2. Under 
I conditions the back end of the contact bar rests 
he return contact stud, being held in that 
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position through the medium of a flat spring fixed to 
the underside of the brass contact bar. The key is then 
in a condition for receiving a signal, the current, 
arriving from the distant sending station, passing from 
the line by way of the contact bar and bridge to the 
return terminal and through the bell, or other signal 
alarm device, arranged in circuit with the return line 
wire or earth. In sending a signal, the front end of 
the contact bar is depressed by means of the push 
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Fig. 2. 

button or knob fixed thereon and shown in the illus- 
trations (Pigs. 1 and 2). This button or knob is made 
of ebonite or other insulating material to obviate any 
chance of the operator receiving a shock in transmitting 
a signal, due to the self-induction of the circuit should 
the insulation be in a faulty condition when sending a 
signal. The action of depressing the contact bar 
performs a double operation, viz., it disconnects the 
return stud contact and terminal from the line and 
thereby cuts out the home receiving instrument, and at 
the same time it brings the front end of the contact bar 
into contact with the front contact stud and thus puts 
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the carbon pole of the battery into electrical connection 
with the line, thus enabUng a signal to be sent to the 
distant receiving station. When employed as a plain 
circuit closer the back contact stud and terminal 
remains disconnected ; the Une being connected to the 
contact bar and the front contact stud to the carbon or 
positive pole of the battery as before. When used in 
connection with closed circuit working, the office of the 
key is to enable the circuit to be conveniently broken, 
and this is effected by connecting one Une wire to the 





Fig. 3. Fig. 4. 

back contact stud and the other line wire to the contact 
bar. Pressure on the push button at the forward end 
of the contact bar then lifts the other end and breaks 
the circuit at the back contact stud. To ensure rehable 
working the tapping contacts should be tipped with 
platinum and it is best not to rely entirely upon the 
pivot to make efficient contact between the contact 
bar and the bridge, but to see that these are connected 
together with a pigtail of flexible braided copper cord. 
Plunger Ringing Key or Tapper. — ^The mechanism of 
the Morse key, as illustrated in Fig. 1, is shown as being 
mounted upon a hardwood block. This type of key is 
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only suitable for use in dry places, and as the contacts 
are not enclosed it is also precluded from use in places 
where much dust is present. When required for 
working under these conditions the contacts should be 
entirely enclosed in a strong metal case or cover. Fig. 3 
shows a common form of enclosed mining key or tapper. 
The tapper is similar in principle and action to the 
ordinary form of Morse 
key (Fig. 1). It is pro- 
vided with three con- 
tacts, either two or three 
of which may be utiUsed 
according as the tapper 
is to be used for sending 
only, or for both sending 
and receiving signals. 
The contacts are mounted 
upon an insulating slab 
of ebonite. The base 
itself may be either of 
teak or brass or iron 
according to the nature 
of the situation in which 
the tapper is to be fixed. The contacts are entirely 
covered by a brass or gun-metal case. Through the 
centre of the cover projects a plunger which, when 
depressed, forces the contacts together and closes the 
circuit. Neither this type of tapper nor the preceding 
form (Fig. 1) is suitable for use in fiery mines owing to 
the sparking which occurs at the contacts when the 
circuit is broken. 

Gas and Watertight Ringing Keys or Tappers. — 
Figs. 4 and 5 illustrate two popular forms of gas and 




Fig. 5. 
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watertight ringing keys. Fig. 4 is actuated by means 
of a plunger and the contacts are contained in an iron 
case. The conductors are led into the case through a 
stufl5ng-box or gland which ensures a perfectly water- 
tight and gastight joint and prevents the access of 
moisture to the contacts. In the ringing key illustrated 
in Fig. 5 the contacts are operated by means of a lever 
fixed to a spindle which works in bearings formed in 
the sides of the iron containing case. A stuffing-box is 




Fig. 6. 



provided for leading in the conductors. It will be 
noted that the plunger keys illustrated in Figs. 4 and 6 
are provided with projecting push buttons. Although 
these two forms of keys have had an extensive appUca- 
tion and have given general satisfaction in mining 
work, it has occasionally happened that accidental 
contacts have been caused by leaning against the push. 
This risk, appertaimng to this particular kind of key, 
has been recognised by the British Home Office, and 
rule 16 (6) stipulates that " contact-makers shall be so 
constructed as to prevent the accidental closing of th 
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circuit." This requirement can be satisfied either by 
fixing the ringing keys inside a wood frame or box the 
sides of which project beyond the plunger of the key, or 
the form of key shown in Fig. 6 may be used. This 
pattern of ringing key consists of a cast-iron gas and 
watertight case containing the necessary contacts 




which are mounted on an insulating base of ebonite. 
The push button is fitted into a recess and remains 
quite gas and watertight under ordinary working 
conditions, while it is free from any chance of accidental 
contacts being made. 

Gas and Watertight Bell-Pull Ringing Keys. — In 
some instances it is not always possible or convenient to 
fix the ringing keys at the correct height to enable the 
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plunger to be operated direct by hand and in such 
circumstances a pull tapper is used. An efficient form 
of this kind of ringing key is shown in Fig. 7. The 
contacts, to which the line wires are connected, are 
formed of heavy German silver springs which are 
mounted upon an ebonite base and enclosed in a cast- 
iron case. The contacts are actuated by means of a 

horizontal spindle which 
works in bearings formed 
in the sides of the metal 
containing case. This 
spindle is held in the 
'' off " position by means 
of two strong spiral 
springs. The case is 
entirely closed up with 
a screw-on iron cover, 
the joint being rendered 
gas and watertight by 
means of a rubber washer 
or gasket. A leading-in 
gland or stuffing-box is 
provided for the con- 
ductors. This type of 
tapper may be fixed at 
any desired height and is operated by means of a chain 
attached to a lever which is fixed to the end of the 
contact spindle which projects through the side of the 
case. On the chain being pulled a strong rubbing 
contact is made with the German silver contact springs, 
and the circuit closed by a metal bar fixed to but 
insulated from the spindle. Fig. 8 shows another form 
of the pull tapper in which the contacts are actuated 




Fig. 8. 
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by a vertical rod sliding in a stuffing-box. The spring 
contacts, which are fixed to an ebonite base, are 
normally separated from each other ; when the 
plunger is pulled, contact is made through a brass ring 
which is insulated from the plimger and which bridges 
across the contacts. The heUcal spring returns the 
plunger to the normal or ** off " position. It will be 
noted that in both of these forms of pull tappers it is 
not possible for accidental contacts to be made by a 
person leaning against them, and that they thus 
comply with the latest practice in this respect. 



li 



CHAPTER ni 

ELECTRIC MINING BELLS, SIGNAL ALARMS AND RELAYS 

The necessity of ensuring that a clear and audible 
signal is produced at all times calls for a bell, or other 
signal device, of the best possible design and construc- 
tion. The special features to be looked for in a 
mining bell are as follows : — 

(1) General strength of construction, to enable the 
bell to resist the rough usage it will be sabjected to in 
daily work. 

(2) Large electro-magnets, so that there may be an 
ample reserve of power. 

(3) That the design embodies adequate provision 
that the various adjustments will not be altered or 
interfered with by changes of temperature or vibration. 

The bell gongs should be large to ensure that a loud 
and unmistakable signal is produced. Gk>ngs of less 
than 6 inches diameter are not admissible and 8-inch or 
9-inch are preferable, while in exceptionally noisy places 
such as haulage engine houses it may be necessary to 
provide bells with 11 -inch or 12-inch gongs to ensure 
that a reliable signal is received. 

Types of Electric Bells. — ^The types of electric bells 
commonly used in connection with mine signaUing may 
be enumerated a« foUows : Trembling Bells, Single- 
Stroke Bells, Shunt Bells, Differential Bells, 
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The Trembling Electric Bell. — ^When first used for 
mining work the trembling bell did not give satisfaction 




in a number of important particulars and the single- 
stroke bell was invariably used, but the design and 
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construction has now been made to conform with the 
modem conditions required in mining work and the 
trembUng bell is now again in use. 

The construction of this type of bell is shown in 
Fig. 9. It consists of a soft iron casting, A, provided 
with two round soft wrought-iron cores, B^, B^, on 
which the magnetising coils, C^, C^, are fitted. These 
magnetising coils consist of two boxwood bobbins or 
spools wound with silk-covered wire and are held in 




^3r 



Fig. 10. 



place on the cores by friction only. The armature, D, 
is a piece of flat soft wrought-iron to which the spring, 
E, made of German silver, is screwed or riveted. One 
end of this spring is fixed to a projection, F, on the 
cast-iron base plate. A, and the other end is bent away 
from the armature slightly. The free end of the 
armature is provided with an iron wire and brass 
ball, G, this latter forming the hammer which strikes 
the gong, H. The construction of the contact pillar, P, 
is shown in detail in Figs. 10 and 11. The pillar, P 
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(Fig. 9), consists of a brass rod, R, tapped at one end 
to take a metal thread screw, S, by means of which it 
is fixed to the soft cast-iron base plate. A, being 
insulated from the latter by the insulating washer, W^, 
and bush, W^. The contact screw, U, passes through 
the side of the pillar and is locked in position by the 
pinching screw, V, the top of the pillar being sUt for 
this purpose. A small piece of platinum wire or foil is 
riveted or soldered on to the end of the contact screw, 




Fig. 11. 



U, and presses upon a similar piece of platinum fixed 
to the end of the armature spring, E. The armature is 
normally kept at a sHght distance away from the ends 
of the soft iron cores, its distance from the latter being 
adjusted by means of the contact screw. One of the 
free ends of the magnetising coils is connected to thvs 
terminal, T^, and the other end to the armature spring, 
which is not insulated from the cast-iron frame of the 
bell. The other terminal, T^, is connected to the con- 
tact pillar. The mechanism of the bell is mounted 
B.M.S. 
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upon either a metal or wood base> and it should prefer- 
ably be provided with a suitable cover to exclude dust 
and dirt and prevent damage to the mechanism. The 
two terminals, T^, T* are insulated from each other by 
the wood base to which they are fixed, or by means of 
insulating washers if a metal base is employed. 

Action of Trembling or Vibrating Bell. — ^The action 
of the trembling or vibrating beU will be understood by 
reference to Fig. 12. In circuit with the bell is con- 
nected a battery, and also a push by means of insulated 
line wires. When the button of the push is pressed 
down the two Grerman silver or hard brass springs to 
which the two ends of the line wires are connected are 
brought into contact, thus completing the circuit. A 
current then flows from the carbon pole of the battery 
through the line wires and push to the terminal, T^, of 
the bell. The current then flows through the magne- 
tising coils of the beU and by way of the armature 
spring to the platinum contact on the contact screw. 
Passing thence through the contact pillar it flows to 
the terminal, T^, of the bell, and so on to the zinc pole 
of the battery, thus forming a complete circuit. While 
the current is passing through the magnetising coils of 
the bell they magnetise the iron cores of the electro- 
magnet, the poles of which attract the iron armature, 
causing it to move towards them. In doing so, how- 
ever, the circuit of the bell is broken by the armature 
spring leaving the contact pillar. As the cores of the 
electro-magnet are of soft iron, the instant the current 
ceases to flow all trace of magnetism disappears and in 
consequence the armature, under the influence of its 
spring, returns to its original position. The circuit 
through the bell being again completed by this action. 
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the armature is again attracted, this cycle of operations 
being repeated so long as the push is pressed. A 
vibratory motion is thus produced, which being trans- 
mitted through the medium of the armature wire or 
rod to the hammer, keeps up a continuous ringing of 
the bell. 

Adjustment of Trembling Bell. — In adjusting a 
trembling bell the object is to cause the bell to give out* 
the maximum sound. This is accomplished by suitably 
adjusting the position of the armature in its relation to 
the cores of the electro-magnet and the adjusting screw 
of the contact pillar. The correct adjustment is 
attained when the hammer is in contact with the edge 
of the gong and the face of the armature is separated 
from the ends of the magnet cores by the thickness of a 
post card. In adjusting the bell it will be necessary to 
bend the hanmier rod more or less, according to circum- 
stances, until this position is attained. The platinum 
point or tip of the contact screw should then be separated 
from the platinum contact on the armature spring by a 
distance of about ^ inch. The contact screw must be 
screwed out or in, while the armature and hanmier is 
held in position against the magnet cores and gong, 
until it is correctly adjusted, when it must be locked 
in position by the pinching screw provided for the 
purpose. If the armature in this particular type of 
bell is allowed to strike the ends of the magnet cores an 
unpleasant tapping or chattering sound will be produced 
while the bell is ringing. If the contact screw is 
screwed in too far the circuit wiU not be broken when 
the current flows through the magnetising coils and the 
armature will be held motionless against the ends of 
the magnet cores and no sound will be produced. On 
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the other hand, if screwed out too far only a feeble 
intermittent ring will result since the hammer will not 
reach and strike the gongwithmuchforce. The strength 
of the armature spring also has a considerable influence 
on the ringing properties of a bell, and a screw is some- 
times fitted to the base- 
plate for the purpose of 
adjusting its tension. If 
too weak it is liable to 
make uncertain contact 
with the contact screw, 
and if too strong it will 
require excessive battery 
power to operate the bell. 
Single - Stroke Electric 
Bell. — ^Although it is pos- 
sible to devise a code of 
signals, consisting of a 
pre-arranged number of 
rings, in connection with 
an ordinary trembUng 
bell, a more perfect device 
for this purpose, as being 
better adapted for pro- 
ducing a clearer and more 
definite sound, is the 

single-stroke bell. The construction of this type of 
bell is illustrated in Fig. 13. As will be seen, it 
is similar in construction in all respects to the 
ordinary trembUng bell except in one particular in 
that all contacts in the internal circuit of the bell are 
eliminated. This fact makes for greater reliabihty 
and causes this type of bell to be used in preference 




Fig. 13. 
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to the trembling bell wherever it is important 
that definite signals are essential. Although the 
same form of contact pillar still forms part of the 
equipment of the bell, this is minus the platinum 
contacts, and furthermore the pillar is not insulated 
from the frame of the bell. Its sole purpose is to serve 
for adjusting, mechanically, the distance of the arma- 
ture from the ends of the magnet cores or poles and the 
length of the stroke of the hammer of the bell. In 
some instances, single-stroke bells are provided with 
the same form of armature spring as used for trembling 
bells, including the extension used for the contact- 
making device. This pattern is not to be recommended, 
however, as a vibratory motion of the hammer is liable 
to be occasioned, which may continue after the circuit 
has been broken, giving rise to false signals. The two 
ends of the magnetising coils are each connected to 
insulated terminals and these form the only electrical 
connections appertaining to the bell. 

Action of Single-stroke Bell. — If a single-stroke 
bell be substituted for the trembling bell and arranged 
in circuit with a battery and push, as illustrated in 
Fig. 12, on pressing the push the electro-magnet of the 
bell will be energised and will forcibly draw up the 
armature, striking the hammer against the gong while 
so doing and retaining it there so long as the circuit is 
closed. On the circuit being broken the armatiure, 
under the influence of its spring, will return to its 
normal position, i.e., resting against the screw stop. 
Thus a single stroke or ring of the bell is given each 
time the push is pressed. 

Adjustment of Single-stroke Bell. — ^It has been 
mentioned that in adjusting a trembUng bell the 
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clearest sound is produced when, at the moment the 
hammer is striking the gong, the armature is separated 
from the ends of the magnet cores by a small space. 
In the case of a single-stroke bell this is, however, a 
positive disadvantage. The armature in this type of 
bell should be adjusted so that when it is in contact 
with the magnet poles the hammer is just clear of the 
gong. The elasticity of the hammer rod, combined 
with the momentum of the hammer causes the latter, 
at the end of the stroke, to strike the gong and im- 
mediately rebound, giving out a clear ring. If the 
hammer strikes the gong before the armature reaches 
the ends of the magnet cores a muffled sound only will 
be produced owing to the hammer preventing the 
vibration of the gong and the consequent production 
of sound waves. The purpose of the stop screw is to 
adjust the distance of the armature from the magnet 
poles and the length of the stroke, which varies in 
accordance with the size of the gong and the amount 
of battery power at disposal. 

The Shunt Bell. — ^It is often found desirable to 
arrange two or more bells in series with one another in 
the same circuit. If single-stroke bells are employed, 
no difficulty will be experienced, but if ordinary 
trembling bells are used the ringing wiU not be satis- 
factory. The reason for this is the fact that it is not 
possible to adjust the beUs so that they all break 
contact at the same instant, consequently the ringing 
is very erratic and imreliable. To overcome this 
difficulty, imder these circumstances, when the single 
ring of a single -stroke bell is objectionable, the shunt 
or short-circuiting hell was designed. The construction 
and arrangement of this tjrpe of bell is shown in Fig. 14. 
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path is made for the current through the armature 
from one terminal to the other. As this short circuit 
has practically a neghgible resistance as compared with 
the magnetising coils the main current is shimted from 
the coils and they lose their magnetising power. In 
consequence, the armature is no longer attracted and 
falls back against the stop screw and the same action is 
repeated so long as the circuit is closed. From this 
it will be seen that no matter how many bells are 
arranged in series, the circuit is never broken so long 
as the operating push is pressed. Owing to this fact 
the sparking at the contacts is much less than is the 
case with ordinary trembhng bells and the platinum 
contacts last longer. 

The Differential Bell. — ^While an ordinary trembling 
bell is ringing a spark is produced at the contacts with 
every vibration of the armature. This sparking has a 
very detrimental effect on the contacts of the beU, 
burning and wearing them away rapidly. This is 
particularly the case if a large bell and battery is used, 
or if a bell is operated on a Ught or power circuit, as 
sometimes happens. This sparking is also hable to 
cause an explosion if the bell is fixed in an atmosphere 
charged with inflammable gas such as obtains in a fiery 
mine, and numerous accidents have been traced to this 
cause. Many remedies have been devised to overcome 
this sparking at the contacts of a beU. As the contacts 
are entirely absent in a single -stroke bell no sparking 
can possibly occur in this type of bell, and to this fact 
is due its great popularity in mining work. A single- 
stroke bell is not, however, well adapted for giving an 
alarm in case of accidents and for other emergency 
purposes for which a continuous -ringing bell is more 
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suited. Under these circumstances and also for series 
working the differential bell gives the most satisfactory 




results. The construction and arrangement of the 
connections of a differential bell are shown in Fig. 16. 
As will be seen, as regards its mechanical construction 
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and arrangement of parts, it is identical with the 
shunt bell (Mg. 14). It differs from the shunt bell only 
in the arrangement of its magnetising coils, and their 
connection to the circuit. These coils consist of two 
entirely separate windings or coils which maybe single, 
as shown, or double wound. These two coils are 
wound in opposite directions on the magnet cores, so 
that when current flows through both at the same time 
the magnetising action of one is neutralised by that of 
the other. The two ends of one of the coils are con- 
nected direct across the two terminals, T^, T^, one end 
of the other coil is connected to the terminal, T^, and 
the other end to the insulated contact pillar, P. The 
other terminal, T^, is also connected to the metal frame 
of the bell. 

Action of Differential Bell. — On closing the circuit, 
through a push or other device, the coil or winding on 
the upper Umb of the electro-magnet is energised and 
the armature is attracted, thereby striking the gong. 
At the same time the contact on the armature makes 
contact with the contact screw and pillar, P. This 
action closes the circuit through the winding on the 
lower limb of the electro -magnet which in turn 
neutralises the magnetism imparted by that of the 
upper winding, and the armature being no longer 
attracted reverts to its former position and the action 
is repeated continuously so long as the circuit remains 
closed. 

It will be noted that the upper winding or coil is so 
connected that it remains always in circuit so long as 
the push is pressed, the lower winding only being 
subject to an intermittent current. It is, therefore, 
obvious that the full current is never broken at the 
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opening of the neutralising circuit as the alternative 
circuit through the upper winding always remains 
closed. This device entirely obviates any sparking at 
the contacts of the bell and undoubtedly renders this 
type of bell most suitable for use in fiery mines, even 
though it has the additional safeguard of its mechanism 
being inclosed in a gastight casing. The diflEerential 

bell is also to be preferred, 
in place of the shunt bell, 
for series working, as, unlike 
the shunt bell, it does not 
short circuit the battery 
while ringing, one coil of 
the differential bell at least 
being in circuit with the 
battery so long as the circuit 
remains closed. 

Classification of Electric 
mining Bells. — According 
to the manner in which the 
mechanism is mounted and 
proteottnl from damage 
electric bells, as adapted 
for mine signal installations, 
may be classified as foUows : 
Wood-Box Beih, Block-Sigfrnl Bells, Waterproof BeOs, 
Gas and Watertight Bells, Magneto Bells. 

Wood-Box Bells.— The wood-box bell (Fig. 16) is 
most extensively useil for onlinarv purposes, being well 
adapted for a dry situation and general interior use. 
When requireil for mine signal purposes the mechanism 
should be mounted upon a polished t^ak or oak wood 
base-board and oovereil with a teak or oak box. The 
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base-board should be provided with brass screw cups, 
to prevent spUtting of the board when fixing, and the 
wood box glued and screwed together. The magnetis- 
ing coils should be formed of silk-covered copper wire, 
preferably soaked in paraflSn wax or well shellacked to 
obviate any risk of corrosion due to the presence of 
moisture in the atmosphere. The terminals should be 
large and massive and well lacquered. The internal 
wiring of the bell should be exposed and all connections 




Fig. 17. 



made on the front of the base-board. A frequent 
source of trouble with electric bells is the breakage of 
connecting wires at the back of the base -board. The 
bells being fixed direct on to a wall leads to moisture 
collecting at the back of the board, with consequent 
corrosion of the connections, and these being concealed 
from view, the fault is often difficult to trace. 

Block-Signal Bells. — ^In places where the situation 
is dry and not much dust is present, as is the case in 
downcast haulage roads, engine planes, and engine 
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houses both on the surface and underground, no valid 
reason exists why the ordinary type of wood -box bell 
(Fig. 16) may not be used for signalling purposes. In a 
large number of cases, however, a strong preference is 
given for the block-signal bdl, as illustrated in Fig. 17. 
It will be noticed that a Morse ringing key forms 
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Fig. 18. 



part of the equipment of the bell, being combined on 
the same base -plate. The bell consists of a brass founda- 
tion-plate on which is fixed a large size electro -magnet, 
the bobbins or spools of which are provided with brass 
flanges. The magnetising coils are of silk-covered 
copper wire, well varnished to resist dampness. An 
iron armature swings in front of the pole pieces of the 
electro -magnet being suspended on pivots screwed into 
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two brass brackets fixed to the base -plate. The brass 
foundation-plate is fixed on to an ebonite insulating 
slab which in turn is fixed on to a poKshed teak or oak 
wood base. The mechanism is arranged to work while 
the base is normally in a horizontal position. An 
upright brass stalk, which is fixed on to the base-plate, 
carries the gong. The bell hammer and stem which is 
fixed to the armature is 
controlled by gravity only, 
no spring tension being 
employed as in ordinary 
bells. The position of the 
armature, in its relation 
to the pole pieces of the 
electro -magnet, is adjusted 
by means of a screw and 
lock nut. The Morse key 
is of the ordinary pattern, 
and is fixed to the ebonite 
insulating slab. The whole 
of the mechanism, exclud- 
ing the gong and hammer, 
is enclosed in a polished 
teak or oak wood box. The box is secured in position 
by means of two brass thumb-screws, seen at the sides 
of the bell in the illustration. The bell gong and 
hammer projects through the top of the box, an 
ebonite slide being provided to exclude dust as much 
as possible. It will be noted that the particular form 
of bell shown in the illustration has three terminals 
only, the Morse key and bell being in permanent 
electrical connection together. An alternative method 
of arranging the connections of these beUs is to enable 
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either the bell or the Morse key to be used indepen- 
dently, and for some purposes this is preferable. The 
bell is then provided with five terminals, the internal 
connections of the bell and Morse key being arranged 
as shown in Fig. 18. 

Waterproof Bells. — ^For use in places subject to wet 
and dampness, a waterproof bell is a necessity, the 

ordinary form of electric bell 
with wood base and cover 
being, of course, useless as the 
different parts soon corrode 
and perish. A number of 
different arrangements are in 
use for preventing the access 
of water to the mechanism and 
that illustrated in Fig. 19 is a 
good example of waterproof 
bell of simple design and con- 
struction. The base and cover 
are of cast-iron; the cover 
being fixed by means of four 
screws and a rubber washer or 
gasket ensures a watertight 
joint between the base and 
cover. The magnetising coils 
are of silk-covered copper wire well varnished. The 
armature and hammer stem are copper plated and 
nickel plated to resist dampness. 

Gas and Watertight Electric Bells. — Having proved 
its superior efl&ciency in working under normal condi- 
tions in mining, the electric signalling system has now 
been extended into all parts of the mine and frequently 
into positions where the presence of gas and water 
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cannot always be avoided. To enable this extension 
to be successfully carried out special types of ringing 
keys, beUs and other accessories have been designed to 
suit the special and oftentimes severe conditions of 
working. In the presence of dampness only a water 
tight beU of the kind illustrated in Fig. 19, will give 
satisfactory service. Where gas or extremely wet 
conditions prevail a totally enclosed beU is the only 
form that can be employed. A number of different 
designs are available for this purpose ; Fig. 20 shows an 
efficient pattern which is now 
being extensively adopted 
for mining work. The work- 
ing parts are enclosed in a 
gas and watertight cast-iron 
case which is enamelled to 
resist the effects of the 
dampness. The hammer rod 
is connected to the armature 
by means of a ball joint 
embedded in vaseline. This 
renders the connection com- 
pletely gas and watertight, and at the same time 
gives a very easy movement to the hammer. Conse- 
quently an exceptionally loud sound is obtained which 
is especially inportant in mine signalling. A protecting 
shield covers the hammer and a cable gland is provided 
for leading in the conductors. 

Magneto Bells and Generators for Mine Signal 
Installations. — ^For long-distance signalling, both under 
ground and on the surface, the magneto beU and 
generator offers many important advantages over a 
battery-operated system if they can be conveniently 

B.M.S. ^ 
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adopted. A properly constructed magneto generator 
is not very Uable to develop f aiilts and requires very 
Uttle attention. The magneto bell, while possessing 
all the advantages of the trembling or vibrating bell, 
is free from sparking and other troubles at the contacts, 
and is,* therefore, weU suited for underground working. 
These advantages have been so well recognised that 
beUs and generators are now obtainable which have 
been specially designed for mine signalling purposes. 

Fig. 21 shows a generator and 
Fig. 22 a magneto bell of this 
description. The working 
parts of both these appU- 
ances are contained in cast- 
iron water and gas-tight cases 
which are fitted with cable 
glands and other accessories 
.^^^^ .L ^^li^^ which have now become 
/m^ f|l/if ffc standard practice in the 
l^^^^^l I^LO^PI design of this class of 
^H[^r ^HMjj^^ apparatus in order to secure 
Fig '22. efficiency and durability 

under working conditions. 
The hammer rod of the magneto beU is connected to 
the armature through a vaseline compartment. 
\ Electric Hooters. — ^The electric hooter is a com- 
paratively newinnovation in regard to electric signalling, 
but nevertheless it akeady has an extensive appUcation 
for n^iTiing work in place of a bell in cases where either 
a louder or a more distinctive tone is required. The type 
of hooter best adapted for mining purposes is illustrated 
in Fig. 23. The hooter consists essentially of a metal 
'mphragm which is thrown into vibration by an 
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electro-magnet actuating a contact-making and break- 
ing device. The mechanism is enclosed in a gas and 
watertight cast-iron case which is provided with a cable 
inlet for leading in the cable and making all gas and 
watertight. These hooters emit a sound of a deep and 
penetrating nature and work with a 
remarkably small current. 

Connecting Bells in Circuit. — ^In 
cases where a number of beUs are 
to be operated simultaneously in 
the same circuit, it is necessary to 
connect them to the circuit in such 
a manner that the working of each 
beU is not interfered with by 
others in the same circuit. There 
are two principal methods of con- 
necting bells in circuit, viz., in 
series and in parallel. It is possible 
to employ various combinations of 
these two methods, but as these are 
not often required in practical work 
they need not here be taken into 
consideration. In regard to the question as to which 
of these two methods it is best to employ, this depends 
entirely upon circumstances and individual require- 
ments, and no general rule can be given in order to 
determine when either system will be most suitable. 
The parallel system requires bells preferably of high 
resistance, whereas the series system is best worked 
with low resistance bells. 

Bells in Series. — ^The method of arranging bells in 
series is shown in the diagram (Fig. 24). It will be 
noted that the circuit is arranged so that the current 

D 2 




Fig. 23. 





LfQ' 



m 9msB the ettmi 
I m atdy that r&qaired lo wtn 
of the tetiery mu^t be hi^ 
of the circoit. 



10 



^ 



?ti.. «. 



hEt ttsmber^ to g^ 



bd^ wM not irork flaH 



ELECTRIC MINING BELLS, ETC. 37 

torUy in series ; the best results are obtained with 
either single-stroke, shunt, or differential bells. 

Bells in Paralkl.— Fig. 25 shows the method of 
arranging bells in parallel for simultaneous ringing. 
On the button of the push, P, being pressed the current 
flows from the positive pole of the battery, B, through 
the push, P, and through the line wire to the first bell 
where it divides, part passing through the first bell, and 
part through the other 
bell, and so on to the 
negative pole of the 
battery. When beUs are 
arranged in parallel in 
this manner, it is neces- 
sary, in order to secure 
satisfactory operation, to 
select only bells which 
have the same resistance 
as nearly as possible, 
otherwise the sounds 
emitted by the bells will 
not be uniform in inten- 
sity, those having the 

higher resistance ringing feebly as compared with the 
others. The parallel system requires the battery 
voltage to be as low as is necessary to work a single 
bell, but the current required for the whole circuit is 
the sum of the current required for each beU. This 
points to a battery composed of a small number of 
large size cells to provide the necessary strength of 
current. 

Electric Relays. — ^A relay is an electro-magnetic 
device for bringing into action an electrically indepen- 
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dent piece of apparatus. The principle of its construc- 
tion and action will be understood by reference to 
Fig. 26, which shows the mechanism only of the relay. 
The relay consists essentially of an electro-magnet, M, 
a soft iron armature. A, and local contact pillar, C. 
The armature is provided with a platinum -tipped 




Fig. 27. 

contact at its lower end ; the upper end being pivoted 
at P. The armature, in a normal condition, rests against 
the stop, S, its pressure against the latter being regulated 
and adjusted by means of the spiral spring, D. The 
armature, A, is very Ught in weight, and extremely 
sensitive so that it is attracted by the electro-magnet, 
M, when a minute current of a few milleamperes only 
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flows through the magnetising coils of the latter. The 
arrangement of the internal connections of a relay is 
shown diagrammatically in Fig. 27. It will be seen 
that the relay is provided with four insulated terminals, 
to two of which the two ends of the magnetising coils 
are connected while the other pair of terminals are 
connected, one to the local contact pillar, C, and the 
other to the frame and armature. The stop, S, 
together with the local contact pillar, C, are entirely 
insulated from the frame and armature of the relay 
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under normal conditions. The purpose of the stop, S, 
is purely mechanical, its object being to adjust the 
distance of the armature from the poles of the electro- 
magnet, M. It wiU be noted that this arrangement of 
the connections constitutes two entirely independent 
circuits ; that through the magnetising coils appertain- 
ing to what is known as the main or rday circuit, while 
that through the armature, A, and contact pillar, C, 
forms part of a local circuit which also contains the 
signal bell and local battery. 

The purpose of a relay is to obviate the use of an 
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excessively large battery in cases where a signal is to 
be transmitted over a comparatively, long distance ; or 
over a short distance where excessively wet conditions 
prevail so that considerable leakage results and it is 
necessary to keep the voltage of the signaUing circuit 
as low as possible. In Fig. 28 the circuit of a simple 
form of relay is shown. The relay is connected in 
circuit with the line wires, L^, L^, and is operated by 
means of the main battery, MB, when the circuit is 
closed by the push, P. 

The local circuit is composed of the signal bell, B, 
local battery, LB, and insulated connecting wires, 
W^, W*. The main battery, MB, which actuates the 
relay only, may be composed of any convenient number 
of cells according to the length of the circuit. The 
local battery, LB, which actually rings the beU may be 
composed of just so many cells as may be necessary in 
order to obtain a reKable ring, since the battery wiU 
only have to work through a few feet of connecting 
wire. 

Action of Electric Relay.— When the push or ringing 
key, P, is pressed, the current from the main battery, 
MB, energises the electro-magnet of the relay, and 
the armature being attracted the platinimi-tipped 
contact fitted on to its end comes into contact with 
the screw of the contact pillar. These contacts close 
the local circuit containing the bell, B, and the local 
battery, LB, causing the beU to ring every time that 
the push, P, is pressed. The relay resembles a second 
push or ringing key placed near to the bell, but con- 
trolled by electric current from a distance instead of 
being depressed by hand. Its advantages consist in 
it needing but a very weak current to actuate the 
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armature, A, and contact mechanism, much less than 
would be required to ring the smallest bsll direct. The 
relay may then be set as near to the bell as possible, 
and the Une wires connecting it to the push or ringing 
key and main battery may be of a very great length 
without interfering in any way with the loudness of 
the ring given by the signal bell, since this is actuated 
by a separate local battery. 

Wood-Box Bell Relays. — ^The mechanism of a bell 
relay being of a somewhat delicate character necessi- 
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tates its being enclosed in a case of some kind in order 
to prevent its action being interfered with by the 
presence of dust and damp, etc. For use in dry 
situations a case made of pohshed teak or oak or other 
hardwood will give satisfactory service. Fig. 29 shows 
a wood-box relay of the kind referred to. 

Gas and Watertight Bell Relay. — ^In places where 
wet or damp or other unfavourable conditions exist, it 
is necessary to enclose the relay mechanism in a gas 
and watertight case. Fig. 30 shows an approved form 
of this kind of relay. The case consists of a soUd iron 
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casting provided with a screw on iron cover, the joint 
being rendered watertight by means of a rubber 
washer. The box is fitted with gun-metal glands for 
leading in the cable. 

Electrical Resistance of Mining Bells, Signal Alarms 
and Bell Relays. — ^The electrical resistance of mining 
beUs, hooters, and other signalling devices must be 
adjusted to suit the conditions of working, having 
regard to the size of the bells and the method of 




Fig. 30. 



arranging them in circuit (whether in series or in parallel) 
and also on the resistance of the line circuit. This 
latter is again aflEected by the length, gauge and material 
composing the line wires of the circuit. In cases where 
a bell is required to work over a comparatively short 
distance, say not more than half a mile, or where a 
number of bells are arranged to work in series, the 
magnet coils may be wound with somewhat thick 
copper wire having a comparatively small resistance. 
On the other hand, where the distance over which the 
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signal is to be transmitted is greater than that referred 
to, or when the bells are arranged in parallel, the 
magnet coils are wound with fine copper wires having a 
comparatively high electrical resistance. In order to 
secure the maximum efficiency in working a definite 
ratio must be observed in adjusting the resistance of 
the line circuit and the total resistance of the bells, 
signal alarms, or bell relays, etc., connected to the 

Table I. — ^Resistance of Mining Bells, Signal 
Alabms, Bell Relays, etc. 



Particulars of Apparatus. 


Resistance in 
Ohms. 


Current in 
Amperes. 


Electric bells. Size of gong. 


6 inch 


8—10 


0-20 


>» 


99 


8 .. 


20—25 


0-65 


tt 


»» 


10 „ 


SO— 35 


0-92 


»» 


»» 


12 „ 


40—50 


1-80 


Electric hooters . 


• 


• • 


— 


0-60 


Electric bell relays. 


Short distance 


10—50 


005 


n >» 


Long distance 


125—200 


0008 



circuit. The total resistance of the instruments con- 
nected in circuit should in all cases exceed that of the 
line wire circuit the usual practice being to allow one- 
third more. For example, a line wire circuit having a 
resistance of 40 ohms would have bells, relays or other 
instruments connected having a total resistance of 
60 ohms, making for the complete circuit a resistance 
of 100 ohms, measured at the battery terminals. The 
distance over which a signal may be transmitted direct 
h Umited by considerations of economy in regard to 
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the size of the battery required to transmit the signals. 
For distances exceeding two miles it is the usual 
practice to work the system through the intermediary 
of relays. The resistance of the signal bells can then 
be adjusted to suit the size of the local battery. 
Table I. on p. 43 gives the standard resistances, etc., 
in which bells, signal alarms, and relays, are usually 
made for use in mine signal work. 



CHAPTER IV 

ELECTRIC MININO INDICATORS OR ANNUNCIATORS 

When signals are to be received at some central 
point from a number of different places, it becomes 
necessary to employ some means of identifying the 
point of origin of each particular signal. This is some- 
times effected by arranging a code of signals in con- 
nection with a system of bells, a definite number of 
rings being allotted to each sending station. The 
efficiency of this system, which has the merit of extreme 
simplicity, is, however, discounted by reason of the 
fact that it is possible for signals to be transmitted at 
the same instant from two or more sending stations, 
without the senders being aware that each are using 
the Une, thus leading to a confusion of signals at the 
receiving station. If the signalling system comprises 
only a small number of transmitting stations, use is 
sometimes made of a single-stroke bell and a trembling 
bell for this purpose, the difference in the ring being 
easily distinguishable. The difference in tone produced 
by bell gongs of various shapes and sizes is also fre- 
quently utilised for this purpose, but such a method is 
only appUcable to a limited extent and is not to be 
reUed upon with absolute confidence. In most oases 
some means of indicating, indisputably, the origin of a 
signal is indispensable. This is best effected by con- 
necting an indicator or annunciator in circuit with the 
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and action will be better understood by reference to 
Fig. 32, which also shows, diagrammatically, the 




Fig. 33. 

method of arranging it in circuit with the signal bell 
and battery, etc. When current passes through the 
coils of the electro-magnet, M, it attracts the 
armature, A, thus raising the catch, B, and so releas- 
ing the shutter, C, 
which drops and 
displays the number 
of the circuit to 
which the movement 
is connected. Any 
number of these 
movements may be 
utilised correspond- 
ing to the different 
circuits, each one 
being connected to a 
separate circuit, to- 
gether with one or 
more signal bells 
which call attention 
to the position of the 
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somewhat from that described above (Fig. 32), its action 
is very similar. It consists of an electro-magnet, M, 
provided with an iron armature. A, and a trigger, T. 
The drop shutter, S, is pivoted at P, and is provided 
with a catch, C, which engages with the trigger, T. 
The extension, E, on the shutter, S, is provided for the 
purpose of replacing the shutter, which is effected by 
means of a shding rod, not shown in the illustration. 
When in the normal condition and ready to receive a 
signal the shutter is retained in the upright position, 
as shown (Fig. 36) by the trigger. When a current 
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Fia. 37. 

passes through the coils of the electro-magnet, M, the 
armature is attracted and the trigger releases the 
shutter which drops down. In dry places, such as 
engine houses, etc., these movements may be fitted 
into a poUshed hardwood case fitted with plate-glass 
front and metal screen, as illustrated in Fig. 36. The 
shutters are replaced by means of a shding rod which 
projects through the side of the indicator case. When 
intended for use in wet and gaseous places the move- 
ments are enclosed in a strong galvanised cast-iron case, 
as shown in Fig. 37. The front of the case is also of 
cast-iron and is fitted with glazed apertures for display- 
ing the numbers of the circuits. The front is secured to 

S.M.S. 1! 
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the case by means of sorewB and the joint made water- 
tight and gastight by an india-rubber washer or gasket. 
The mechanical replacement rod works through a 
vaseline chamber. A cable inlet or gland is provided 
for leading in the cable. The diagram (Fig. 38) shows 
the arrangement of the internal electrical connections 
of a mechanical replacement indicator and also that 
of the bell circuit. 
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Fig* 38. 



Electrical Replacement Indicator. — The shutters of 
an indicator may be replaced electrically and from a 
distance, and this in many cases offers an advant€ige 
over mechanical replacement. The movements of this 
type of indicator are of two kinds, viz., polarised and 
non-polarised. In the former a small permanent 
magnet forms part of the mechanism from which 
circumstance arises the term polarised as applied to this 
kind of indicator movement. A form of polarised 
electrical replacement indicator movenient is iQus- 
trated in Fig. 39. The movement consists of two 
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spools of insulated copper wire, S\ S^ mounted on two 
soft iron magnet cores which are fixed to a metal back- 
plate, P. A small horse-shoe permanent magnet, M, 
swings freely between the two magnetising coils, being 
pivoted in a bracket, B, fixed to the metal backplate. 
An indicating flag, E, is fixed to the permanent magnet 
and projects above its centre of gravity so that a slight 
impulse will cause the flag 
to overbalance and remain 
at rest in either position to 
the right or left of a line 
passing through the centre 
of the movement. The 
windings of each of the 
magnetising coils are totally 
distinct from each other, the 
two ends of one coil being 
connected to the operating 
or signal circuit, while the 
windings of the other coil 
are connected to a replace- 
ment circuit which includes 
also a push and battery. 
The action of the electrical 
replacement movement is as follows : When current 
flows through the magnet coil connected to the 
signal circuit the poles of the permanent magnet 
are attracted, causing the flag to overbalance and 
drop, thus indicating that a signal has been sent from 
the distant station. The flag is replaced in its normal 
position, out of sight, by pressing an ordinary bell 
push connected to a battery circuit, which has 
the effect of causing the opposite coil to become 

E 2 
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ReplaLCement Push 
Fig. 41. 

The replacement battery is brought 
into action by means of a common 
bell push which may be fixed at any 
convenient distance from the indicator. 
The manner in which the various con- 
nections of an electrical replacement 
indicator are arranged both in regard 
to the working and to the replacement 
circuits is shown in the diagram (Fig. 
41). 

Needle Annunciators. — ^A type of 
annunciator which has had an extensive 
appUcation in America is the needle 
annunciator (Fig. 42). In this indicator 
the receipt of a signal is indicated by a 
needle which, under normal conditions, 
remains either in a horizontal or in 
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Fig. 42. 



54 



ELECTRIC MINE SIGNALLING 



a vertical position, being deflected from this position 
by the passage of the signaUing current, so that it takes 

up a position at an angle 
of about 45 degrees from 
the horizontal. The 
needle remains locked in 
this position until the 
signal has been attended 
to and the needle reset 
to its former position. 
The construction and 
action of the mechanism 
of the needle annuncia- 
tor is illustrated in Figs. 
43 and 44. The soft 
iron core of the electro- 
magnet, C, has a hole 




Fig 



drilled through it, 
in which turns the 
shaft, S. An arrow- 
shaped needle is 
attached at the 
front end of the 
shaft or spindle, 
over the face of the 
annunciator. A 
notched arm, B, is 
fixed on the rear of 
the spindle and is 
held in a horizon- 
tal position by the end of the soft iron armature, A. 
When the current flows through the magnetising coils 
of the electro-magnet, C, the armature. A, turns on its 




Fig. 44. 
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pivot, P, towards the core of the magnet, C, as in 
Fig. 44, unlocking B, which falls and thereby partly 
rotates the spindle, S, and the indicating needle. In 
resetting the indicating needle and arm a button 
projecting from the bottom of the case is pressed 
upwards and this raises a rod carrying an arm, R. This 
latter arm in turn raises B to its former position, the 
heavy end of the armature. A, falls, and its pointed end 
locks B. 

Visual Signal Indicators. — ^From the nature of the 
work they are called 
upon to perform in 
connection with mine 
signal installations, 
indicators are of 
necessity frequently 
required to be placed 
in positions where the 
light is either very 
dim or entire darkness 
prevails. Under these 
conditions the ordi- 
nary type of indicator 

is of course useless, and recourse must be had to visual 
signal indicators. A number of different patterns of 
these indicators are available for this purpose. Different 
coloured lamps are often used to show from what part 
of the mine the signal comes. Another method is to 
employ small incandescent lamps fitted into a suitable 
case and arranged behind a numbered glass screen in 
place of the electro-magnetic movements as used in 
ordinary type indicators. A visual signal indicator of 
this latter kind is illustrated in Fig. 45. As will be 




Fig. 46. 



66 ELECTRIC lONE SIGNALLING 

Been, a number of small incandescent lamps are fitted 
behind a numbered glass screen, and in order to ensure 
that only one number will be illuminated by each lamp, 
the lamps are placed inside metal tubes which are 
fitted close up against the glass screen, and provided 
with small silvered reflectors. A fuse is fitted to each 
lamp and circuit. 

Visual Signal Indicators with Continuous Action 
Relay and Electrical Replacement. — ^The contact made 
in transmitting a signal from a distant station to the 
indicator is necessarily only momentary and, in con- 
sequence, when visual signal indication is employed, 
the lamps are only illuminated for a very brief period 
if worked direct from the main line wires, certaiiily not 
long enough for the engine man to determine with 
certainty from which district of the mine the signal 
originates. For this reason the lamps are generally 
arranged in circuit with a special form of continuous 
action relay. This relay is formed by making a simple 
modification of the circuit connections in the ordinary 
type of relay (Fig. 27), and consists in inserting a small 
incandescent signal lamp between the two inner 
terminals of the relay. 

The arrangement of the connections and circuits is 
shown in the diagram (Fig. 46). The whole system is 
operated by means of the main battery, MB, consisting 
of an accumulator battery, or a motor generator or 
transformer may be used for the service. The working 
circuit is operated by means of plain circuit closers or 
ringing keys, K^, K^. The signal bell, SB, may be 
worked either direct oflE the line circuit but preferably 
through the medium of a relay, R®, operated by the 
main battery or a separate local battery. The relays. 
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R^, R2, are arranged for operating the signal lamps, 
L^, L^, and it wiU be noted that the two terminals of 
each lamp are connected to the two inner terminals of 
each relay. The circuit-breaking key, CB, is for the 
purpose of breaking the circuit of the main battery, 
MB, and also the lamp circuit. On closing the Une 
circuit, by means of the ringing key, K^, for example, 
the current flows from the positive pole of the main 
battery, MB, and through the bell relay, R^, operating 
the signal bell, SB. It then flows by way of the lamp 
relay, R^, to the negative pole of the battery. In 
flowing through the coils of the lamp relay, R^, it 
operates the contacts of a local circuit in which is 
included the signal lamp, L^, which immediately Ughts 
up. On releasing the ringing key, K^, the lamp still 
continues to remain illuminated, owing to the current 
flowing in the local circuit, until the signal is attended 
to, when it is extinguished by depressing the circuit- 
breaking key, CB, which may be fixed in any convenient 
position and at any distance from the indicator. The 
signal bell, SB, may be rung any number of times 
without interfering in any way with the action of the 
signal lamp and relay. The lamps used in connection 
with visual signalling indicators are of the metal 
filament type, and suitable for any voltage ranging 
from 4 volts to 26 volts, and varying from 2| candle 
power to 8 candle power according to the position in 
which the indicator is placed. The adoption of visual 
signaUing indicators involves the use of an electrical 
generato^^L some considerable capacity and capable 
' Bupi^^^^urrent of sufiicient strength to operate 
rdinary Leclanche cells of even the 
Dtical use for the purpose and 
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soon become polarised and exhausted. The most 
convenient source of power is an accumulator battery 
of a capacity of about 40 ampere hours. A battery of 
this size will only require recharging at intervals of 
about two weeks under ordinary conditions of working. 
Bell Signal Indicators. — ^These instruments, of which 
Siemens' indicator (Fig. 47) is a good example, are now 
in much demand, and are used in conjunction with bell 
signalling apparatus to 
indicate the number of 
bell strokes given, and 
also the nature of the 
signal. They are par- 
ticularly applicable for 
shaft winding or haul- 
age in mines. The 
indicator consists of a 
dial instrument, and 
comprises an electro- 
magnet which operates 
an armature, actuating 
a pointer through one 
section of the dial for 
each ring of the bell, so that the number of rings 
received is recorded by the pointer. It is provided 
with a releasing mechanism by means of which the 
pointer can be set back to zero. This last operation 
can be effected either by hand at the instrument 
by means of a lever provided, or electrically from 
a distance by a press-button switch in the engine house. 
This switch may also be so arranged that it is auto- 
matically operated by the engine. The indicator can 
be applied to any existing bell signalling apparatus 




Fig. 47. 
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without any alteration to the latter, it being connected 
in series with the signal bell. 

The following description illustrates the application 
of the bell signal indicator for shafts with one level 
only. The method in which the various appliances are 
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Fig. 48. 

arranged in relation to each other is shown in the 
diagram (Fig. 48). Two bells with a dial indicator are 
provided in the engine house, the latter indicating the 
number of strokes on the bells, thus forming a visual 
indication of the order received. A bell and two press 
switches are also provided at the bank, and a bell and 
press switch at the level of the mine which enable the 
usual order of bell signals to be used. 



ELECTRIC MINING INDICATORS 61 

The following description of working the signals is 
only taken as an example to iUustrate how the apparatus 
may be used. The procedure may be varied to suit 
the requirements in each particular case. For instance, 
if men are to descend the shaft, the banksman gives 
three rings on his own bell and that at the level by 
pressing one of the switches at the bank. To this 
signal the onsetter at the level repUes, before men 
enter the cage, by giving the bell at the bank three 
rings, at the same time one of the bells in the engine 
house will ring three times, and the indicator moves 
forward one step for each ring and will stand at 3. 
When the onsetter's cage is ready to ascend he signals 
the banksman and engineman one ring, the pointer on 
the indicator moving forward to 4. To start the 
descending cage the banksman now signals to the 
engineman by pressing the second switch and ringing 
the second bell in the engine room once. The indicator 
pointer moving to 5, the engineman knows that the 
cage is ready to descend and proceeds accordingly, at 
the same time putting the pointer back to zero by 
means of the press switch. This last operation can 
also be effected by a release switch actuated by the 
engine, so that it is impossible for the engine to be 
moved and the old order to remain on the dial. The 
divisions on the dial allow various extra orders to be 
used up to twelve bell strokes. A point to note in 
connection with the above system is that whenever a 
signal is sent from the level or bank of the mine, the 
beU at either of these places rings, thus confirming that 
the signal has been received correctly. A diagram of 
bell signal indicator wiring and connections is given in 
Fig. 49. 
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The bell signal system with indicator can also be 
adapted for mines having two or more levels, in which 
case it is used in conjunction with level indicators as 
illustrated in Fig. 60. These level indicators are 
controlled by the banksman who indicates to the 
onsetters to which level the cage is going, and to the 
engineman to which level to work the cage. Means 
are provided in this apparatus whereby only the level 
to which the cage is working can send orders to the 
engineman. It is therefore impossible for the onsetter 
of another level to send a signal to the engine house and 
cause the indicator to register a wrong number of bell 
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CHAPTER V 

ELECTRIC GENERATORS FOR MINE SIGNAL INSTALLA- 
TIONS 

Now that most mines are equipped with electric 
Ughting or power installations it is often convenient to 
derive a supply of electrical energy required, either in 
whole or in part, for the operation of signaUing systems 
from this source. This is particularly the case if visual 
signaUing, now so much in evidence, is adopted, as this 
system requires some more powerful source of current 
than that obtainable from the ordinary Leclanche cell 
as used for bell signaUing. Nevertheless, as absolute 
dependence cannot always be placed on the continuous 
operation of the prime movers, electric generators, and 
other moving machinery constituting the source of 
supply, it is also desirable in most cases to have some 
independent source of power held in reserve in case of 
failure of the main supply. This can be most con- 
veniently furnished by an accumulator or primary 
battery. In order to render the risk of failure in the 
transmission of signals as smaU as possible, in large 
instaUations of signals both sources of supply are 
frequently employed in combination, primary batteries 
or accumulators being used for operating the bell 
signals and the other for the visual signals. When 
electric lighting or power circuits are absent the only 
E.M.S. ^ 
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practicable source of power is, of course, the primary 
battery. 
Transformation of Electrical Pressure. — The 

maximum voltage permissible for operating mine 
signalling circuits in Great Britain is 26 volts, and 
quite apart from any question of compulsion, this 
forms a very convenient voltage for this purpose. The 
lowest practicable voltage for use in electric lighting 
in connection with mining installations is 100 volts, 
and in the case of power circuits the voltage is usually 
higher than this limit. When, therefore, a supply of 
power is to be taken from lighting or power mains for 
electric signalling purposes, it becomes necessary to 
reduce the pressure to that required for ringing the 
bells. The most convenient method of reducing the 
pressure in direct current installations is by means of a 
motor generator ; in alternating current supply, a 
transformer forms the most suitable device for this 
purpose. In cases where a direct supply from the 
mains is not favoured and an accumulator is preferred 
for working the signals, it may be charged from direct 
current lighting mains, either a bank of incandescent 
lamps or a special resistance being used to reduce the 
pressure to that required for charging the battery. 
This method forms at once the simplest and is at the 
same time the most wasteful in current consumption, 
but in cases where power is cheap this question of cost 
need not be taken seriously into consideration. Accu- 
mulators may also be charged from alternating current 
mains through the medium of a vibratory rectifier, and 
this offers a very convenient means for the purpose, 
the apparatus being economical in prime cost and also 
in operation and maintenance. 
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Direct-current Motor Generator Installations. — ^When 
a signalling system is to be operated from direct current 
mains a motor generator is necessary for reducing the 
pressure of the electric supply to that required by the 
bells, viz., a maximum of 26 volts. The signalling 
circuits must be entirely separate from the main supply, 
and this is important to avoid any risk of shock. For 
this reason a machine fitted with a single armature and 




Fig. 51. 



two commutators is not permissible. The machine 
should consist of a small shunt motor, wound for the 
voltage of the supply circuit and coupled to a dynamo 
of corresponding size and wound to give the voltage 
required for the bells. This may be anything from 
6 volts upwards, but not exceeding 25 volts. If the 
voltage of the supply fluctuates to any extent this will 
need to be taken into account and due allowance made 
in fixing the maximum voltage given oflE by the dynamo. 
Assuming that the motor generator is connected to a 

jf2 
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lighting circuit the variations in the voltage will not 
exceed more than 5 per cent, to 10 per cent. Accepting 
the latter figure as the maximum the normal voltage 
required at the terminals of the dynamo will be 22 volts. 
The motor generator should be of the type shown in 
Fig. 61, consisting of motor and dynamo coupled 
together and bolted on to a common bed-plate. The 
two shafts being coupled together enables the machine 
to be run at a fairly high speed, from 1,500 to 2,000 
revolutions per minute, according to the size of the 




Fig. 52. 



machine. In regard to the power required to ring the 
bells, which determines the size and output of the 
machine, it may be taken that one ampere per bell 
will be required to furnish a reKable signal and com- 
pensate for leakage, etc. of the line wires and other 
parts of the system. The motor of the generator 
should be provided with a double pole main switch and 
pair of enclosed fuses, of suitable capacity to carry not 
more than 50 per cent, of the maximum capacity of the 
machine. If a larger motor than one half horse-power 
is required, a starting switch and resistance will also be 
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necessary. No switch is needed on the low tension 
side of the generator, unless the machine is also supply- 
ing current for some other piu^ose. The two mains 
should be carried direct to the bus bars of a small 
double pole distribution board of the kind as used for 
electric hghting circuits. This may be provided with a 
suitable number of small detachable fuses of 3 to 6 
amperes capacity to isolate the diflEerent circuits, and 
prevent a fault on one section stopping the whole of 
the signalling. The fuses should be mounted on 
porcelain bases and enclosed in a cast-iron gas and 
watertight case. A further and almost indispensable 
addition to the signalling system is the provision of a 
small lamp fixed in a prominent position and connected 
through a fuse to the bus bars of the distribution 
board. This acts the part of a pilot lamp and forms a 
continuous indication that the signaUing supply is in 
good order. Fig. 52 is a diagram showing the arrange- 
ment of the motor generator and its connection to the 
power supply and low voltage circuits, etc. 

Motor Generator and Accumulator. — In order to 
obviate any danger of the complete failure of the elec- 
trical supply required for operating a signalling system, 
occurring when obtained from a motor generator, 
an accimiulator can be arranged to work in parallel 
with the dynamo of the machine. This combination 
has the advantage that if the motor generator ceases 
to work, either through a fuse blowing or other cause, 
the accumulator immediately takes up the load and 
continues to supply current to the low voltage signal- 
hng circuit without interruption of the service. The 
arrangement of the accumulator with its connections 
in parallel with the motor generator and with the 
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signalling circuits is shown in the diagram (Fig. 53). 
MG is the motor generator provided with double pole 
main switch and fuses on the high tension side of the 
supply. AC is an automatic electro-magnetic battery 
charging switch which connects the generator to the 
accumulator and low tension supply circuit as soon as 
the voltage of the generator attains the desired limit. 
CS^ is a two-way switch for placing the generator either 
direct on to the signalling circuit or in parallel with 




Fig. 64. 



the accumulator. The voltage of the accumulator is 
controlled and adjusted by means of the regulating 
switches, RS^, RS^. An ammeter. A, and voltmeter, V, 
are provided for measuring the output of the plant. 
The diflEerent signalling circuits are connected to a 
distributing board. 

Alternating Current Transformer Supply. — In cases 
where an alternating current is installed, a supply of 
current transformed to the correct voltage required for 
signalling purposes may be obtained direct from a 
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transformer connected to the lighting or power mains. 
This has the great advantage of having no moving parts, 
and consequently when once fixed in position it can 
be left for long periods without attention. It is most 
important, however, that a true transformer be used 
and not an auto-transformer. The difference between 
the two appliances from a cursory external inspection 
is not very apparent, and it is only when the arrange- 
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ment of their windings and internal circuits come to be 
examined that the points of diflference in their construc- 
tion are revealed. Fig. 54 shows a type of transformer 
specially adapted for bell ringing and signalling 
purposes, and Fig. 55 illustrates the arrangement of 
its circuits as compared with those of an auto-transformer 
(Fig. 56). It will be seen that a transformer has two 
entirely separate and distinct windings while the auto- 
transformer has only one, a tapping being taken from 
the main winding carrying the fuU pressure of the 
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supply at some point where the required diflEerence of 
potential exists. When using an auto-transformer it 
would thus be quite possible for a person to receive a 
shock at the full pressure of the supply, whatever that 
might be, when using the signaUing apparatus if the 
insulation were defective at any point, so that one or 
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Fig. 67. 



other of the supply mains became earthed. The 
arrangement of the transformer in its relation to the 
supply and bell signalUng circuits is shown in Fig. 57. 
As regards the operation of bells from the transformer, 
in connecting up the mining bells to be rung it ^vill be 
found advisable, if these are of the trembhng pattern, 
to cut out of circuit the contact makers and to connect 
the two magnet coils of each bell in parallel instead of 
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in series as usually carried out. Adjustment of the 
spring of the armature and hammer will then be found 
to give satisfactory ringing. 
Vibratory Rectifiers. — ^A method of obtaining a 

supply of electrical energy, 
suitable for signalling pur- 
poses, from an alternating 
current system is by the aid 
of a vibratory rectifier. This 
rectifier is a converter which, 
in the smaller types, trans- 
forms single-phase alternat- 
ing current of 100 — 250 
volts into rectified current 
of 7*5 to 26 volts ; in the 
larger types higher voltages 
and currents are provided 
for. Although it is possible 
to work signal bells and other 
alarm devices direct from its 
terminals, this method does 
not offer any conspicuous 
advantages over the ordi- 
nary transformer system, 
and it is only when used in 
connection with the charging 
of accumulators from an 
alternating current supply, that its merits become 
manifest. 

"AdnU** Rectifier.— The **Adnil" rectifier (Fig. 68) 
consists essentially of a transformer with vibrating 
contact in the low tension secondary circuit. A stray 
field in the transformer operates the armature and 




Fig. 68. 
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contact system of the rectifier at the two points of the 
alternating current curve, producing a rectified current. 
By this system of operating the vibratory contacts by 
the transformer field perfectly synchronous working 
can be adjusted by mechanical means such as small 




Fig. 69. 



brakes, springs, etc., without the use of auxiUary 
apparatus. The efficiency on load and on open circuit 
corresponds to that of transformers of similar output. 
The direct current generated is suitable for charging 
accumulators. Fig. 59 shows the method of arranging 
the various accessories required with the system, and 
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the connections of the apparatus to the alternating 
current mains and to the accumulators to be charged. 
All heavy losses in the compensating resistances, 
transforming plant or carbon filament lamps otherwise 
necessary are avoided, a small adjusting resistance only 
being used as shown in the illustration. In the event 




Fig. 60. 

of the voltage failing in the alternating current Une, 
due to interruption or short-circuiting, the accumulator 
cannot discharge through the rectifier as it is auto- 
matically switched ofiE. The rectifier when properly 
used and adjusted, and under normal conditions of the 
alternating current supply, works without sparking. 
Should, however, sparking arise it can at once be 
stopped by use of the adjusting screw provided for the 
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purpose. The adjustment of the rectifier for different 
frequencies can be carried out in the simplest manner 
by means of regulating screws. Fig. 60 shows the 
rectifier and all necessary accessories required for work- 
ing the system mounted on a marble slab for convenience 
of operation. 



CHAPTER VI 

PRIMARY BATTERIES FOR SIGNAL INSTALLATIONS 

In the large majority of cases a battery of some kind 
is essential in connection with mine signal installations, 
even though a supply of current is being taken from 
Ughting or power mains, as absolute reliance cannot 
always be placed on this latter source of supply, and a 
battery held in reserve is most desirable. The battery 
may be made up of primary cells or an accumulator 
may be used, in accordance with the nature of the 
work the battery is required to perform. Primary 
batteries are of no practical use for visual signaUing 
with lamp indicators, for which purpose an accumulator 
battery is best adapted. A convenient size of accumu- 
lator battery suitable for this purpose in connection 
with an ordinary mining installation of either winding 
or haulage signals, is one of about 40 ampere hour 
capacity and of any desired voltage up to 25 volts. 

Types of Primary Batteries for Signalling Installa- 
tions. — ^The primary cells which, as the result of long 
experience, have been found to give the best results 
in mining work are the Leclanche and Fuller (or 
Bichromate), the former cell being adapted for working 
under ordinary conditions and the latter in cases where 
the work is exceptionally heavy. These two types of 
primary cells have now stood the test of many years, 
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and are regarded as the standard cells for mining work, 
but it may be mentioned that under certain conditions 
the Edison-Lalande cell also gives good results, espe- 
cially where a large current is required. Its compara- 
tively low E.M.F. ('TS volt) is, however, a disadvantage. 
Dry cells are also occasionally used for special purposes 
in connection with mining installations, but as a rule 
they are more expensive in prime cost and in main- 
tenance than the ordinary wet cells. 





Fig. «1. 



Fig. 62. 



The Leclanche Porous-Pot Cell. — ^This well-known 
cell, shown in Fig. 61, consists of a square glass jar, 
ending at the top in an almost circular collar, and 
containing a cylindrical porous pot in which is placed a 
plate of carbon, surrounded by a depolarising mixture 
of granulated peroxide of manganese and carbon, the 
whole forming the negative element of the cell. The 
top of tho porous pot is sealed with bitumen, two small 
air holes, usually fitted with glass tubes, being left 
therein to provitle for the escape of any gases which 
may be generated inside the porous pot. A brass 



80 ELECTRIC MINE SIGNALLING 

binding screw is fixed to the- top of the carbon plate 
sometimes in a lead cap cast around the top of the 
plate, but preferably by forming the carbon plate with 
a Bohd carbon head into which the ter- 
^ minal is secured, as shown in Fig. 62. 

^^^. When a lead cap is used great difficulty 
0^^R is experienced in preventing the 
^B^ exciting fluid of the cell from attacking 
I the lead, converting it into chloride and 

i^—. y rendering the battery useless. When 
^H|fl fitted to the carbon plate in the 
[l^^tl manner shown in Fig. 62, the end of 
y^ iP the terminal is completely encased and 
Fig. 63. protected by the carbon and if ordinary 
precautions are taken when charging 
the battery, to avoid spiUing the electrolyte there is 
not much fear of corrosion taking place. An 
amalgamated zinc rod having attached to it an 
insulated connecting wire forms the posi- 
tive element and is placed in the glass 
jar beside the porous pot. The outer glass 
jar is filled with a solution of sal-ammo- 
niac (ammonium chloride) up to a level 
about 2 inches from the top of the jar. 
The porous pot referred to, complete with 
carbon plate and terminal, is shown in 
Fig. 63, and zinc rod in Fig. 64. As 
practically no local action takes place in ^^ ^ . 
the Leclanche cell when the circuit is open 
(provided that the zinc rod is kept well amalgamated) 
this type of cell shows great durability and economy 
in working when employed for giving intermittent 
currents. Its great popularity is further due to its 
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simplicity and to the small amount of attention which 
it requires. These cells are made in three sizes of 
the dimensions and capacities shown in the following 
table : — 

Table II. — Sizes and Particulars of Porous-Pot 
Leglanche Cells. 



No. 



Size. 



1. Three pints 

2. Quart 

3. Pint. 





Internal 


Weight in 


E.M.P. 


Resist- 


lbs. 


in Volts. 


ance in 


(including 




Ohms. 


charge). 


1-6 


0-8 


51 


1-6 


10 


8 


1-6 


1-4, 


n 



Overall Dimensions, 

including Terminal, 

in inohes. 



9|highx4|sq. 
8 „ X3| „ 
7 „ X8 „ 



The largest size of cell only is used for mine signal 
work. 

Chemical Charge for Leclanche Cells. — Considerable 
difference of opinion exists as to the correct proportions 
of sal-ammoniac and water to be used in charging 
Leclanche cells. Formerly, it was the usual practice 
to employ a saturated solution, together with an excess 
of sal-ammoniac in the form of crystals in the cell. It 
is now generally agreed that this practice is objection- 
able, as it tends to favour the deposit of crystals of the 
double chloride of zinc and ammonium on the zinc rod 
and on the porous pot. As this salt is insoluble imder 
these conditions, the action of the cell is interfered 
with to a considerable extent by their presence. Pro- 
bably the best practice is to graduate the strength of 
the solution in accordance with the work the battery 
will be called upon to perform, thus, for exceptionally 

E.M.S. o 
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heavy dis^charge^, a saturated Bolution^ composed of 
about 4 ounces of sal-anmioiiiac to one pint of wat-er, 
maj' be eDiploye<l, and for ordinary M^orking a eoiiio- 
what weaker isolution, consisting of about 2 ounces of 
eal-ammoniac to a pint of water, M^ill give the best 
results. In positions where the temperature ii* liigh a 
weaker solution should invariably he used. Working 
on this basis the following quantities of sal-ammoniac 
may be used for a single charge for each size of cell ;— 

Table III. — CnBMicAi. Charge for Leclanche Celi^. 



8iEe af CelL 



No* 1. Three pint 
„ 2. Quart . 
„ 8. Pint . 



Saturated Solution, Ordinary Solution 



Sal-ammoniac. 
14 oimces 
7 „ 
4 



Sal-ammoniac. 

6 ounces 

2 



Porous-Pot Leclanche Cell with Cylindrical Zinc. — 

This cell {Fig. 65) consists of a glass or eartheiiware 





Fi6. ^S. 



Fig. CO. 
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jar containing a zinc plate bent into cylindrical shape, 
as shown in Fig. 66, the porous pot being placed in the 
centre. The advantage of this arrangement over the 
ordinary pattern lies in the largely increased surface 
of zinc exposed to the action of the electrolyte, resulting 
in a diminished internal resistance of the cell and a 
greater capacity for useful work. This form of cell is 
made in one size only, particulars of which are given in 
the following table : — 



Table IV. — Size and Particulars of Leclanche 
Cell with Cylindrical Zinc. 



E.M.F. 
in volts. 



Internal 

Resistance 

in Ohms. 



Wtight of Cell 
(without charge). 



Outside Dimensions of 
Complete Cell in inches. 



1-6 



0-5 



6 lbs. 3 ounces 



9 high X 5 J diameter. 



Chemical Charge for Leclanche Cell with Cylindrical 
Zinc. — ^The quantity of sal-ammoniac required for a 
single charge for this pattern cell is as follows : — 
For a saturated solution . .14 oimces. 
For an ordinary solution . . 6 „ 

Central Zinc or Carporous Leclanche Cell. — ^In this 
cell (Fig. 67) the carbon plate is replaced by a per- 
forated cylinder of porous carbon. Tliis is formed with 
an enlargement or top to which a brass terminal is 
fixed (Fig. 68). A tube of porous earthenware is fixed 
into the centre of this carbon pot, and the annular 
space existing between the inner wall of the carbon pot 
and the exterior wall of the porous tube is filled with 
the depolarising mixture of peroxide of manganese and 

a2 
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carbon, similar to the mixture used in the ordinary 
porous-pot Leclanche cell. A cap or cover of glass 
closes the open end and forms the base of the pot. The 
zinc rod is inserted in the porous tube fixed in the 
centre of the pot. This form of cell possesses some 
advantages over cells of the ordinary Leclanche porous - 
pot pattern. The output is greater and the internal 
resistance is lower, the depolarising action more rapid, 
and owing to the small surface of the liquid which it 





Fig. 67. 



Fig. 68. 



exposes and to the fact that the enlarged top of the 
porous cy Under forms a cover to the glass jar, evapora- 
tion is reduced. A defect, however, which is of 
frequent occurrence in this type of cell may be men- 
tioned, in that the zinc rod often becomes firmly fixed 
inside the porous tube owing to the formation of hard 
crystals on its surface, necessitating the renewal of the 
entire element. As the carbon pot of these cells is 
somewhat expensive as compared with the porous 
pot and other types, this fact somewhat militates 
against its adoption. These cells are made in three 
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sizes, particulars of which are given in the following 
table :— 

Table V. — Sizes and Particulars of Carporous 
Leclanche Cells. 



Size of 
Cell. 


E.M.F. 
in volts. 


Internal 

Resistance 

in Ohms. 


Weight in 

(without 
charge). 


Overall Dimensions 
in inches. 


No. 1. 
., 2. 
„ 3. 


1-55 
1-55 
1-55 


0-50 
0-75 
100 


6 
3 


9 high X 4| square. 

8 „ X 4 » 
7 „ X 4 



Chemical Charge for Carporous or Central Zinc 
Leclanche Cell. — The amount of sal-ammoniac to be 
used for a single charge for each size of these cells is as 
follows : — 

Table VI. — Chemical Charge for Carporous 
Leclanche Cells. 



Size of Cell. 


Saturated Solation. 


Ordinary Solution. 


No. 1. 
„ 2. 
„ 8. 


12 ounces 
8 „ 

n „ 


6 ounces 
4 ,, 
8i „ 



Agglomerate Block Leclanche Cell. — In this pattern 
(Fig. 69), which is a modification of the original porous- 
pot Leclanche cell, the internal resistance is reduced 
considerably owing to the absence of the porous pot. 
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in a porcelain block or gutter, the whole being clasped 
by the india-rubber bands. 

Although this type of cell would appear, superficially, 
to possess certain advantages over the ordinary porous - 
pot form, it has been found that under practical work- 
ing conditions these have not been fully realised. 
The principal objection to the ceU is the fact that the 
agglomerate blocks have a tendency to disintegrate, 
small particles of carbon and peroxide being given off, 
some of which are deposited on the zinc rod. This 
results in considerable local action taking place, con- 
siderably reducing the useful life of the cell. In order 
to prevent this deposition of carbon particles taking 
place some makers provide a separate small porous 
tube in which the zinc rod is placed, as shown in Pig. 72. 
With this arrangement of the elements the cell, how- 
ever, is Uttle different from the original porous-pot 
form, in so far as electrical properties are concerned. 
Like those of the porous -pot pattern, these agglomerate 
cells are made in three sizes ; the glass jars and zinc 
rods being of the same dimensions as in the correspon- 
ding porous -pot cells. 

Table VII. — Sizes and Particulars of Agglomerate 
Block Leclanche Cells. 



Size of 
Cell. 


E.M.F. 

in volts. 


Internal 
Resistance 
in Ohms. 


Weight in 

(without 
charge). 


Overall Dimensions, 

including Terminal, 

in inches. 


No.l . 
„ 2. 
„ 3. 


1-55 
1-55 
1-55 


0-5 
0-6 
0-7 


4| 
2| 
2 


9 high X 4| square. 
8 ,, X 3^ „ 
7 „ X 3 „ 
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Chemical Charge for Agglomerate Block Leclanche 
Cell. — The quantities of sal-ammoniac required for 
charging each of the diflferent sizes of these cells in a 
saturated and ordinary solution is the same as those 
given for the porous-pot form. 

Six-Block Agglomerate Leclanche Cell. — This is 
another form of the agglomerate type Leclanche cell, 
constructed to give a considerable output, and having a 
very low internal resistance. The containing vessel is 





Fig. 73. 



Fig. 74. 



Fig. 76. 



an earthenware jar, as shown in Fig. 73. The negative 
element consists of a fluted carbon rod provided with a 
brass terminal fixed to one end of the rod (Fig. 74). 
The rod has six longitudinal flutings or grooves, semi- 
circular in section, in which are fitted six agglomerate 
blocks of compressed peroxide of manganese and 
carbon. These blocks are cylindrical in form, each 
being about 1 inch in diameter and 6 inches long. 
They are secured to the centre carbon rod by a wrapping 
of coarse canvas which is held in place by india-rubber 
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bands (Fig. 75). An amalgamated zinc cylinder 
(similar to Fig. 66) forms the positive element and this 
is provided with a copper strap riveted and soldered to 
the cyUnder, for making connection. Owing to its low 
internal resistance and large zinc and carbon electrodes, 
the six-block agglomerate cell has a very high working 
capacity and is, therefore, extensively employed for 
the purpose of working large installations of bells and 
signals. These cells fmi;her have the advantage of 
being easily taken to pieces, cleansed, supplied with new 
parts, and re-charged with electrolyte. The ceU is 
usually made in one size only, viz., three pints capacity, 
the E.M.F. being 1*55 volts and the internal resistance 
0-2 ohms. 

Chemical Charge for Six-Block Agglomerate 
Leclanche Cell. — ^The quantity of sal-ammoniac 
required for a single charge of this cell and of three 
pints capacity is as follows : — 

For a saturated solution . . 11 J ounces. 

For an ordinary solution . .6 „ 

Sack Leclanche Cell.— In this cell (Fig. 76) the 
negative element consists of a tightly compressed 
mixture of peroxide of manganese and carbon moulded 
around a central carbon rod and held in place by a 
wrapping of canvas wound around with cord or string, 
forming a sack^ from which the name of the cell is 
derived. The open end or mouth of the sack may 
either be closed up by means of a porcelain cap, as 
shown in Fig. 77, or filled in with bitumen. The 
positive element consists of an amalgamated zinc plate 
which may be of plain cylindrical form, as shown in 
Fig. 66, but is preferably of the shape shown in Fig. 76. 
In this latter pattern the zinc is cut so that only that 
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portion remains which experience has indicated to be 
the most actively consumed during the working of the 
cell. The zinc cyUnder is provided with a hook by 
means of which it is suspended from the rim of the jar, 
the zinc being of such depth that it occupies about the 
middle portion of the jar only. As the zinc in the 
upper and lower parts of a Leclanche cell is not usually 
acted upon to the same degree as the central part, this 






Fig. 76. 



Fig. 77. 



Fig. 78. 



method of suspension causes less waste, both to zinc and 
solution, and the whole of the zinc is consumed uni- 
formly. Another form of the sack cell is shown in 
Fig. 78. In this pattern the zinc, of plain cyhndrical 
shape, rests upon a shoulder or projection formed in 
the glass containing jar, in such a manner that the zinc 
is raised to the required position in the middle of the 
jar. The method of constructing and arranging the 
elements of the sack cell enables a very low internal 
resistance to bo attained as the resistance of the canvas 
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sack is very much less than that of an earthenware 
porous pot. This, together with the fact that it 
possesses a high capacity and great depolarising power, 
renders the cell suitable for all work where compara- 
tively heavy currents are taken for fairly long periods, 
such as in the direct working of large size beUs and in 
general where the porous -pot or agglomerate Leclanche 
cell is not capable of sustaining the duty required. 
The sack Leclanche cell is manufactured by different 
makers in a large variety of sizes ; the following table 
gives particulars of the sizes most suitable for mine 
signal installations : — 

Table VIII. — Sizes and Particulars of Sack 
Leclanche Cells, adapted for Mine Signal 
Installations. 



Size of 
Cell. 


E.M.F. 
in volts. 


Internal 

Resistance 

in 

Ohms. 


Weight in 

(without 
charge). 


Overall Dimensions, includ- 
ing Terminals. 


No. 
„ 1 
„ 2 
„ 3 


1-55 
1-55 
1-55 
1-55 


010 
014 
016 
018 


10| 

3| 

2f 


9 high X 51 diameter. 
7J „ X 4i 

7i 99 X 3| „ 

7 ,, X 3i 



Chemical Charge for Sack Leclanche Cells. — ^The 
quantities of sal-ammoniac required for a single charge 
of each size of cell corresponding to those referred to 
in Table VIII. are given in Table IX., on p. 92. 

Fuller or Bichromate Cell. — Previous to the intro- 
duction of the sack Leclanche cell the Fuller or Bichro- 
mate was the only low resistance cell capable of use 
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Table IX. — Chemical Chaboe fob 
Cells. 


Sack Leclanche 


Size of Cell. 


Saturated Solution. 


Oidinary Solution. 


No. 0. 
„ 1. 
» 2. 
„ 8. 


9J ounces 

5J „ 
4i » 


5 ounces 
8J „ 
8 „ 
2J „ 



in cases where the ordinary porous -pot or agglomerate 
Leclanehe cell was unequal to the duty required. The 
larger sizes of the sack cell now offer an alternative 
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Fig. 79. 

means of current supply and the Fuller cell is only 
used where exceptionally heavy and continuous 
demands are made on the battery, such as in shaft 
signalling installations. Two Fuller cells in series, 
one being shown in elevation and the other in section, 
are shown in Fig. 79. The elements of the cell are 
contained in an earthenware jar. Inside the jar is a 
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porous pot containing a zinc rod, which forms the 

positive element. The latter is a soUd cylinder with 

enlarged cone-shaped base, as shown in Fig. 80. The 

object of the enlarged base is to compensate 

?f or the greater action which takes place at the 
bottom of the cell. Sometimes the coned 
part only is used, being cast on to a copper 
rod, as shown in Fig. 81, but sohd zincs are 
to be preferred, as the fluid acts on the 
copper rod if not well insulated with a coat- 
ing of gutta-percha. At the bottom of the 
porous pot is placed a quantity of mercury, 
which creeps up the surface of the zinc rod 
and thus keeps up the amalgamation of the 
rod. The negative element is a carbon plate, 
fitted with a brass ter- 
minal, which stands in the 
space outside the porous 
pot. The porous pot is 
charged either with plain 
water only or a solution 
of sulphate of zinc, in 
accordance with the inter- 
nal resistance required of 
the cell. The outer jar is 
filled either with a solution 
of bichromate of potassium 
or of chromic acid to which sulphuric acid has been 
added. The original form of this cell is made in two 
sizes, particulars of which are given in Table X. on 
p. 94. 

Chemical Charge for Fuller or Bichromate Cell. — 
As the internal resistance of the Bichromate cell 




Fig. 80. 
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Table X. — Sizes and Particulars of 
Bichromate Cells. 


Fuller or 


Size of 
CeU. 


E.M.F. in 
volts. 


Internal Resistance 
in Ohms. 


Weight in 

lbs. 
(without 
charge). 


Overall Dimen- 
sions of Cell in 
inches. 


No.l . 
» 2. 


20 
20 


I Standard 2 ) 
(Maximum 8] 


— ' 


8i X 5 
8jX 6i 



varies with the strength of the exciting fluid, con- 
tained in the porous pot, the proportions of sulphate 
of zinc and water (used when an extremely low internal 
resistance is desired) may be varied to suit require- 
ments, a solution varying from 10 per cent, to 60 per 
cent, is usually adopted. Plain water only is required 
for ordinary working conditions, the percolation of 
the depolarising solution through the pores of the 
porous cell supplying the necessary conducting medium. 
The depolarising liquid required for the outer con- 
taining jar may be made up in the following pro- 
portions : — 

Potass, bichromate . . . 1 lb. 

Concentrated sulphuric acid . . 2 lbs. 

Water . . . . . 11 pints. 

The bichromate is dissolved in the water, which may 
be hot, and the sulphuric acid added to the resulting 
solution. 

In diluting sulphuric acid, the acid should always be 
added to the water and not the water to the acid, as 
the resulting mixture may heat up to an excessive 
degree. For the same reason the mixing of acid and 
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water should always be carried out in a large earthen- 
ware jar; if glass is used the vessel is Uable to crack. 
Precautions should be taken not to add too much acid 
at once to the solution, but time should be given for 
the liquid to cool. In place of bichromate of potas- 
sium, chromic acid may be used. This material will 
give more efficient results, as it is a better depolariser 
and dissolves almost instantly, giving a solution with 
a minimum of trouble, and does not give rise to 
troublesome crystals on evaporation. The chromic 
acid solution may be made up in the following 
proportions : — 

Chromic acid . . . .12 ounces. 

Concentrated sulphuric acid . . 1 pint. 

Water . . . . .11 pints. 

The chromic acid should be placed in the mixing vessel, 
the water poured on to it and the sulphuric acid added 
gradually to the solution with constant stirring. From 
one to two ounces of mercury is placed in the porous 
pot along with the zinc rod. 

Cells in Series. — ^The maximum voltage obtainable 
from a single ordinary primary cell is 2 volts, and in 
most instances a considerably less voltage is available 
at the terminals. From this it follows that a single 
cell is not of much use in practice, even for operating 
a single signal bell which usually requires not less 
than 4-5 volts. Where a current is to be transmitted 
through a long length of Une wire the deficiency 
becomes still more pronounced, and in such circum- 
stances, in order to obtain the increased voltage 
required, a number of cells must be joined together in 
series. This method of grouping cells is shown in 
Fig. 82, which represents three Leclanche cells con- 
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nee ted in this manner. In joining cells in series the 
carbon or copper terminal of one cell is joined to the 
zinc terminal of the next, and so on, whatever number 
of cells are to be employed, leaving a free carbon or 
copper terminal at one end of the battery and a free 
zinc terminal at the other end. Since the voltage of a 
Leclanche cell is about 1-6 volts, the addition of each 
single cell in series increases the total voltage by this 
amount ; thus in the example shown in Fig. 82 the 
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Fig. 82. 



total voltage of the battery would be 1-6 + 1-6 + 
1«6 = 4-8 volts. It must be borne in mind, however, 
that in adding cells in series in this manner the 
internal resistance of the battery is also increased 
in proportion ; thus, if the internal resistance of a single 
cell is 0*8 ohm, the total internal resistance of the 
battery will be 0-8 X 3 == 2-4 ohms. 

Calls in Parallel. — ^In some instances the internal 
resistance of a battery may be too high for the work it 
is required to perform, and it may not be convenient or 



^BATTERIES FOR SIGNAL INSTALLATIONS 97 

possible to obtain larger size cells. In such circum- 
stances the battery may be grouped in parallel. In 




Fia. 83. 



this method of arranging a battery, which is illustrated 
in Fig. 83, a sufficient number of cells are arranged in 
series to obtain the desired voltage, and two exactly 
similar sets are connected together in parallel, the two 
E.M.S. H 
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positive terminals and the two negative terminals 
being connected together and to the line. The internal 
resistance is much reduced by coupling the batteries 
together in parallel in this way, thus enabling a larger 
current being taken from the battery. In the example 
shown in Fig. 83 the internal resistance would be only 
half that of a single battery. Although, as has been 
explained, it may sometimes be expedient to arrange 
the batteries in parallel, this should always, wherever 
possible, be regarded as a temporary measure, and cells 
of a larger size or those of another type better suited 
in capacity to the work the battery is required to 
pi^rform sliould be substituted without delay. The 
retvjon for this is the fact that although any number of 
colls may be made up in exactly the same way and with 
the same materials, no two cells will have exactly the 
same voltage at their terminals, and if joined in 
parallel the cells possessing the higher voltage will 
ilrive a current through those of a lower voltage. This 
current, although it may be very minute, will neverthe- 
less cause the battery to be constantly at work, and will 
eventually either exhaust the battery entirely or reduce 
its useful life considerably. A considerable amount of 
iUsoussion has taken place in regard to this question, 
as to whether it is not more fitdvantageous to use 
batteries composed of small size cells coupled in 
parallel, in preference to larger sized cells arranged as 
a single battery, but if the foregoing facts are taken 
into consideration there should be no two opinions 
concerning the matter. In those cases where some 
fancied advantage has accrued through the use of 
batteries of small oeUs coupled in parallel, this has been 
due to the larger aise ceUs provided for comparison not 
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being sufficiently large enough so as to equal the internal 
resistance of the smaller cells when coupled in parallel. 
There are certain circumstances, such, for example, 
as in some systems of engine plane signalling, where 
the use of batteries in parallel on the Hne circuits 
cannot be avoided, but these instances can only be 
regarded in the light of a necessary evil, often giving 
rise to considerable trouble if the batteries are not 
frequently inspected and attended to. 

Electro-motive Force of Signal Batteries. — The 
number of cells in series (on which depends the voltage 
of the signalling circuit) required for any particular 
installation will vary according to circumstances. So 
many different conditions of size and length of line 
wire, age of battery cells, character of insulation and 
the nature of the working places in which the signalling 
apparatus is fixed, are involved in the question that 
it is impossible to give any definite rule. The exact 
number of cells required in any given instance can 
only be definitely ascertained by trial under working 
conditions. It is always advisable to have plenty of 
battery power available, as there is no more frequent 
source of trouble with mining signals than having too 
few cells in the battery. It is frequent practice in 
large mine signalUng installations to install dupHcate 
sets of batteries, one set being kept in reserve and 
used occasionally, allowing the other set time to 
recuperate. In the case of fiery mines the voltage 
of the signalUng circuits is by special mining rules 
Umited in Great Britain to a maximum of 25 volts. 
This voltage is equivalent to that of sixteen Leclanche 
cells or twelve Fuller cells in series. Quite apart from 
any question of compulsory regulations this voltage 
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forms a very convenient maximum for mining signal 
installations, owing to the freedom from shocks in 
operating the apparatus and to the fact that a satis- 
factory working insulation can be maintained without 
special precautions being necessary. 

Setting up Primary Cells. — Before proceeding to set 
up a primary battery, it is first of all necessary to decide 
upon the most suitable position in which to place it. 
A cool, dry position is best, but the battery should not 
be placed too far away from the bells or ringing keys 
in order to secure this advantage. For easy inspection 
and cleanliness the battery should be kept in a strong 
wood box or cupboard with shelves just deep enough 
for one cell and a narrow strip of wood 1 inch X J inch 
between each to separate the cells and prevent surface 
leakage. The top of the cupboard should be made to 
slope to the front at an angle of about 45 degrees, so 
as to prevent its being used as a seat or as a receptacle 
for oil cans or lamps, any oil or other greasy substance 
which may drip through will soon spoil the cells 
entirely or cause bad contacts at the terminals. A few 
holes should be bored in the bottom of the cupboard to 
allow a certain amount of air to enter, and also to 
allow any liquid to drain away which might perchance 
be spilled in the charging process. The cupboard 
should be provided with one or two doors arranged to 
open at the front and hinged on the sides of the cup- 
board. This allows of easy inspection of the cells. 
If the lid or top is made to lift, as sometimes is the case, 
it is not possible to ascertain the height of the liquid 
in the jars without removing them from the box or 
cupboard. It is always best to have a switch fixed 
as near to the battery as possible, either inside the cup- 
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board itself or near at hand, so as to be able to discon- 
nect the carbon pole of the battery during the night 
and at other times when signals are not required. 
This prevents unnecessary leakage and increases the 
life of the battery. 

Setting up Leclanche Cells. — In setting up these 
cells the sal-ammoniac in the quantities specified for 
the various sizes is placed in the glass jar and enough 
water added to come about haK-way up the jar. The 
carbon and zinc elements are then inserted, and if a 
porous-pot is not employed the cell is ready for use 
almost immediately. If the cells are of the original 
porous-pot form the solution will diffuse but slowly 
through the porous earthenware, and the battery will 
not be ready for use until the next day, but it will 
expedite matters if some of the solution is also poured 
down the vent tubes. It is the practice with some 
fitters to bore holes or make saw cuts in the bottom of 
the porous pot, and thus put the cell into action without 
any delay, but this practice is not to be recommen led, 
as the pulverised contents of the porous pot escape into 
the bottom of the jar and eventually reach the zinc 
setting up local action and speedily exhausting the 
battery. In setting up a battery care should be taken 
not to splash any liquid into the brass terminals, or 
corrosion will result, also if any is spilled over the edge 
of the glass jar it may occasion creeping of tha sal- 
ammoniac. 

Setting up Fuller or Bichromate Cells. — These cells 
are set up by first placing the porous pot containing 
the zinc rod and necessary quantity of mercury 
required for amalgamation in the proportion of 
two ounces for each quart cell into the glass or earthen- 
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ware outer jar. The porous pot is then filled up to 
within an inch of the top with a solution of either 
sulphate of zinc or plain water as may be decided upon 
as being the most suitable for the work the battery 
will be required to perform. The depolarising hquid 
is prepared in accordance with the formulae given on 
p. 94, and when cool it is poured into the outer con- 
taining jar until the level of the liquid is about 1| inches 
from the top of the jar. The carbon plate is then 
placed in position and the cells connected up. It is 
important to adjust the level of the hquid in the porous 
pot so that it is higher than that in the outer jar, as 
otherwise the depolarising hquid will quickly diffuse 
through the porous partition and act upon the zinc to 
an excessive degree. The water used for charging aU 
forms of primary cells should either be distilled or rain 
water and preferably used in a heated condition in 
order to dissolve the various salts as quickly as possible. 
Maintenance of Primary Batteries. — In order to 
avoid the inconvenience and annoyance caused by the 
unexpected failure of a battery to perform its duties 
and to ensure that it remains in a rehable condition at 
all times, it is necessary to make inspection of the 
battery at frequent intervals. Each of the cells com- 
posing the battery should be tested with a low reading 
voltmeter, and if any particular cell gives a lower 
reading than the normal or below that of the rest of 
the cells it should receive special attention. If the 
elements are at all worn or exhausted they must be 
renewed. If the zincs are only shghtly pitted and a 
substantial thickness remains, they may be restored 
to a good worldng condition by scraping clean and re- 
amalgamating them. If much corroded, however, the 
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best course is not to waste time in endeavouring to 
restore them into working condition, but to supply 
new ones entirely. The electrolyte will also require 
attention ; if exhausted the battery will need to be 
recharged entirely, but if the hquid has only evaporated 
it may be restored to its original level by the addition of 
water. If when recharging a battery it is necessary to 
remove the porous pots, they should be kept, when not 
in use, in water to prevent crystallisation of the exciting 
salts in the pores and subsequent disintegration. All 
metal surfaces where contact is made must be kept 
bright and clean, and all screws and nuts and terminals 
holding wires must be screwed up tight so that the 
wires are firmly clamped. 

Amalgamation of Zinc Element. — ^If rods and plates 
of ordinary commercial zinc are used as the negative 
element in a primary battery they will quickly become 
eaten away in holes and otherwise much corroded, even 
if the battery is not in use. This uneven working 
causes surface incrustation, local action, and great loss 
of effective capacity of the battery. The removal of 
the incrustation, which must frequently be done, is 
costly, and is seldom properly performed, the crystals 
and general incrustation being extremely difficult to 
remove. The result is an all round reduction in 
working efficiency and length of life of the battery. A 
most effective means of preventing this corrosion of 
the zinc element is by the process of amalgamation. 
This is readily carried out by immersing the zinc rods 
or plates in dilute sulphuric acid, which may be con- 
tained in a shallow porcelain dish or similar vessel. A 
small quantity of mercury is then poured on to the 
zinc which is rubbed with a mop made by wrapping a 
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woollen rag around the end of a stick. The solvent 
action of the acid chemically cleans the surface of the 
zinc which becomes covered with a bright coating of 
mercury. In this condition the zinc is no longer 
attacked by the acid or other fluid notwithstanding 
any impurities which may be present, and the surface 
will always remain bright and clean so long as the 
amalgamation is kept up and the battery will attain a 
much increased eflSciency and useful life. 

Maintenance of Leclanche Cells. — ^A Leclanche 
battery when once set up will, under ordinary condi- 
tions, require Uttle attention and will work without re- 
charging for a period varying from three to twelve 
months according to the size of the battery and the 
nature of the working conditions. It is best, neverthe- 
less, not to await until the battery shows signs of 
exhaustion, but to inspect it at frequent intervals 
varying from once a week to a month to ensure reU- 
abiUty in working. If the zincs are black and a strong 
smell of ammonia is given ofiP by the battery, it denotes 
either excessive working or leakage or an actual short 
circuit somewhere. If due to the latter cause the 
defect can be located with a galvanometer or Uneman's 
detector, fi^nd remedied and the battery will then need 
to bo re-charged. If the insulation is good and the 
battery is apparently too small for its work, it will be 
necessary to replace the cells with a size larger or 
substitute some other type of battery cell more suited 
to the conditions of working. Leclanche cells may 
often be seen with an excess of sal-ammoniac crystals 
at the bottom of the glass jar, but this is an objection- 
able practice as it tends to cause a deposit of crystals 
on the surface of the zinc which interfere with the 



BATTERIES FOR SIGNAL INSTALLATIONS 105 

working and action of the cell. These crystals, which 
consist of a double chloride of zinc and ammonia, are 
transparent and of a needle-like form, and are very 
hard and in most cases adhere very firmly to the zinc 
so that some difficulty is found in removing them. If 
not able to scrape the zincs clean ready for re-amalga- 
mation, new zincs should be substituted. The forma- 
tion of these crystals is avoided if the correct amount of 
sal-ammoniac as specified is used in charging each size 
and pattern of cell. In cases where rehabihty is the 
primary consideration, and the zincs show signs of 
wear, it is best to re-charge the battery entirely with 
new solution and substitute new zincs for the old ones. 
Unless subjected to excessive working or short-circuit- 
ing the charged porous pots or agglomerate blocks will 
not require frequent renewal. If any salt is discovered 
to be creeping over the top of a jar, the faulty jar 
should be removed, washed and well dried and the top 
dipped in either melted paraffin wax or ozokerite. If 
not convenient to dip the glass jar in this way the neck 
may be cleansed from any adherent crystals and 
rubbed with tallow or grease which forms a good 
substitute. In order to prevent creeping of the salt 
up the heads of the carbon plates they should be 
occasionally coated with Brunswick black varnish. 

Maintenance of Fuller or Bichromate Cells. — This 
cell can be allowed to stand on open circuit for several 
months at a time without any appreciable depreciation. 
The cells must be filled up with water from time to 
time as the level of the liquid falls owing to evaporation. 
The original colour of the depolarising solution is orange, 
but the colour changes as it becomes exhausted during 
working. When it becomes bluish in colour more 
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crystals of bichromate of potash or chromic acid should 
be added. Should the colour be normal and the cell 
weak add fresh sulphuric acid. When the solution 
becomes greenish and muddy in appearance, it is an 
indication that it has become exhausted and the 
battery should be entirely re-charged. 



CHAPTER Vll 

ELECTRIC MINING SHAFT SIGNALS 

The question of shaft signals is one of great import- 
ance in mining, as on the efficiency of the system 
depends the whole output of the mine, since they con- 
trol the winding operations. The design of a suitable 
electrical system applicable for each particular case 
therefore requires careful consideration. The prin- 
cipal points to be kept in view in preparing a scheme 
of wiring and in selecting apparatus for this purpose 
are simplicity and reliabiHty, and, while having due 
regard to securing the utmost rapidity in signalling, 
the transmission of distinct and definite signals is 
essential, in order to avoid the risk of accidents occurring 
through a confusion of signals. 

Methods of Shaft Signalling. — ^A number of different 
methods of arranging electric shaft signals are available 
and the best to adopt in any particular instance will 
depend upon the special conditions of working, and 
the number of levels or seams, etc., in the shaft. The 
usual practice, in colliery working, is for the onsetter 
at the bottom of the shaft, or at the different levels, to 
transmit the signals to the banksman, who then signals 
to the engineman ; but an alternative system is also 
employed, whereby the signals are received simul- 
taneously by both banksman and engineman. In the 
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former system an additional circuit is used solely for 
the purpose of signalling between the banksman and 
engineman. This signalling circuit may be entirely 
separate and distinct, or it may be operated by the 
same battery as the shaft signalling circuit. In the 
latter arrangement the signal bells at bank and engine 
house are rung simultaneously and may advantageously 
be connected in series for the sake of simplicity in 
wiring and certainty in action. Either single -stroke 
or trembhng bells may be employed with this arrange- 
ment, but if trembhng they should be of the shunt or 
differential type, in order to secure rehable signaUing. 
If the bells are connected in parallel an element of 
uncertainty is introduced, and it is possible that the 
bells will not ring simultaneously, leading to false 
signals being received. In regard to the selection of 
suitable ringing keys, it may be pointed out that the 
use of the common Morse or return signalhng key forms 
a dangerous feature in connection with shaft signaUing, 
as should both banksman and onsetter happen to 
signal to each other at the same moment neither signal 
will be received. This may lead to false signals being 
given and received, and for this reason a simple circuit- 
closing device is to be preferred. The only advantage 
appertaining to the use of Morse keys is the fact that 
a less number of Une wires are required in the shaft 
to work the system. 

Arrangement of Shaft Signalling Battery. — ^There are 
two methods of arranging the battery required for use 
in operating a shaft signaUing system, viz., the central 
battery and the multiple battery systems respectively. 
In the first-named system a single battery only is 
employed, of a size sufficiently large to operate the 



ELECTRIC MINING SHAFT SIGNALS 109 

whole of the shaft signals, both at bank and at the 
different levels or seams. This battery is fixed in 
some convenient position on the surface, usually in the 
engine house or similar dry situation. In the second, 
or multiple battery system, a number of independent 
batteries are employed, corresponding to, and placed 
at the various transmitting stations in the shaft and 
on the smiace. The central battery system has much 
to recommend it if the special conditions prevailing are 
favourable to its adoption. The cells are then easy of 
inspection and, being placed in a position free from 
the various detrimental influences frequently met with 
in shafts, such as the presence of wet and dirt, etc., 
the cells are not likely to deteriorate, and the battery 
consequently requires less attention. The chief objec- 
tion to the central battery system is the fact that if any 
serious fault develops, either in the wiring or in the 
battery itself, the whole of the signaUing system may 
be temporarily rendered idle until the fault is located 
and remedied. Another disadvantage, peculiar to the 
system, is that the full battery pressure is always 
present in the shaft wiring since the two battery leads 
are taken down the shaft to enable the onsetters at the 
different levels to ring up to the surface, and this may 
lead to electrolysis and leakage, or short circuiting of 
the battery if the insulation of the shaft wiring becomes 
defective. With a multiple battery system both of 
these troubles are almost entirely absent, since the 
failure of one battery will not necessarily affect the 
working of the remainder, and, as no difference of 
pressure exists in the shaft wiring, except at the moment 
when a signal is being transmitted, the effects of electro- 
lysis and leakage are greatly minimised. On the other 
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hand, the multiple battery system, which requires a 
set of cells, or a separate battery, at each signalUng 
station, necessitates more cells and more time to attend 
to them. It may be said generally that where the 
mineral is being raised from more than one level 
the multiple battery system gives the greater safety 
in working. 

Shaft Signal Wiring Diagrams. — In preparing a 
scheme of shaft signal wiring, every mine requires to 
be considered on its own particular merits. The 
diagrams (Figs. 84 to 93) show the arrangements 
which are most commonly required in connection with 
electric shaft signals. Special requirements can gener- 
ally be met without departing from the use of standard 
accessories by a suitable modification of the wiring 
diagrams. As in nearly all cases water or other metal 
pipes are present in the shaft, a strong temptation 
exists to utiUse these, or the ground, as a return con- 
ductor in place of an insulated return wire, but except 
in certain favourable circumstances, it is of vital 
importance that all current-carrying parts of electric 
shaft signaUing apparatus should be thoroughly in- 
sulated from the ground. The use of an earth or 
ground return not only introduces an element of 
uncertainty into the signalling system, but instances 
have occurred where the signal bells, relays, etc., have 
become energised by stray currents from a distant 
tramway or other high tension earthed return system, 
and this effect is sometimes further contributed to by 
differences in the electrical conductance of the various 
strata forming the shaft. 

Morse Key Signalling Circuit (Fig. 84). — This arrange- 
ment forms the simplest of all the various electric 
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signalling systems. If an earth return is used, only- 
one wire is required in the shaft to operate the system. 
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Two ordinary Morse or return signalling keya and two 
separate batteries to operate them are requlired, one 
being placed at the top of the shaft and oite at the 
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bottom. Three signal bells are shown as being fitted, 
one at the bottom of the shaft for signaUing to the 
onsetter stationed there, one at the top of the shaft 
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in the banksman's cabin, and one in the engine house 
on the surface. As no key is provided in the latter 
position, it is only possible for the engineman to 
receive and not to send a signal. This simple arrange- 
E.M.S. I 
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ment forms the basis of all other Morse key shaft 
ingnalling systems, it beiiig snitabfy elabcvated to suit 
the diflFerent conditions of woding. 

Plam Tapper Key Signamng Greuit (Fig. 85).— 
In this arrangement of the wiring, plain circuit-closing 
devices, or tapper keys, similar in principle to ordinary 
bell pushes, are substituted for the Morse keys as used 
in Fig. 84. A single battery onfy is required, this 
being placed in the engine house at the top of the 
shaft. 

Horse Key Signalling Cireait (Fig. 86).— In this 
instance the engineman is provided with a Morse key 
enabling him to send and receive signals. The on- 
setter at the bottom of the shaft signals to the 
banksman and engineman simultaneously ; the engine- 
man signals to the banksman and onsetter also simul- 
taneously, while the banksman can signal to the on- 
setter only. The batteries, of which two are required, 
are arranged upon the multiple battery system, one 
battery being placed at the top of the shaft and the 
other at the bottom. Only two wires are required in 
the shaft to operate the system. 

Horse Key Signalling Circuit (Fig. 87).— In this 
arrangement of the wiring the banksman and engine- 
man, on the smiace, can each signal independently 
to the onsetter at the bottom of the shaft. In return 
the onsetter can only signal to the banksman and 
engineman simultaneously. The signals are worked 
on the central battery system, three wires being neces- 
sary in the shaft. 

Morse Key Signalling Circuit for Three Seams or 
Levels (Fig. 88). — ^This forms the simplest system of 
signalling for three or more seams or levels, and can 
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be carried out with the least number of wires in the 
shaft. The banksman can signal to any of the seams 
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or to the engineman independently. The onsetters 
at any of the seams can each signal, independently, 

l2 



.^ 



MW 



hi^. 



ELECTRIC MINING SHAFT SIGNALS 117 



V 



V 



V 



v; 



f- 




m^l. Seam 



mZ.Seam 



V 



V 



;vi 



HHHh 



vVm 



V 



m 



\—-S— 



^ 



f— >- 



V 



N ^3. Seam 



^l 



V 



^ 




Fig. 89. 



118 ELECTRIC MINE SIGNALLING 

to the banksman and engineman simultaneously, 
while the engineman can signal to the banksman only. 
The signals are shown as being worked on the central 
battery system, but they may be adapted for multiple 
battery working, if desired, by placing a ringing battery 
at each of the levels. This latter arrangement will 
necessitate a single wire less in the shaft than the 
former. 

Plain Tapper Key Signalling Circuit for Three Seams. 
Central Battery System (Fig. 89). — ^In this system 
plain switch pushes or tapper keys are employed 
throughout to transmit the signals. Each of the 
onsetters at the different levels is provided with a 
ringing key and each can transmit a signal to 
the engineman and banksman simultaneously. The 
engineman and banksman can each transmit signals to 
the different levels, independently, and they can also 
signal to each other. A separate signal bell for each 
level is shown as being fixed in the engine house and 
banksman's cabin on the surface, but in place of these, 
indicators may be fitted to show from what level a 
signal comes, and bell signal indicators (Fig. 47) may 
also be arranged in series with the signal bells in the 
engine house, to indicate the number of strokes or rings 
of the bells. 

Plain Tapper Key Signalling Circuit for Three Seams 
or Levels. Multiple Battery System (Fig. 90).— This 
diagram is the counterpart of Fig. 89, but the signals 
are arranged to work on the multiple battery system. 
As will be seen, a separate battery is provided for each 
seam or level, and also one on the surface for use by the 
engineman and banksman in transmitting signals. 
This arrangement probably forms the most perfect 
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and reliable of the various shaft signalling systems at 
present in use. It will be noted that the full battery 
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pressure is only put on to the lines at the moment when 
the signals are being transmitted ; and thus the 
electrolysis and other leakage troubles are minimised 
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to the greatest extent. The system possesses other 
excellent features ; for example, if one of the ringing 
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batteries fails, it need not necessarily stop or otherwise 
interfere with the working of the whole of the shaft 
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signals, as woold happen in the case of the system 
shown in Fig. 89, but only the working of the seam 
where the faulty battery is located would be affected. 
The system may be adapted for working a single level 
only or it may be elaborated to almost any extent by 
making suitable modifications in the wiring diagram. 

Morse Key Signalling Circuit for Three Levels. 
Multiple Battery System (Fig. 91). — ^This arrangement 
of the wiring enables any number of bells being rung 
simultaneously, except the one at the level from which 
the operator transmits the signal. 

Morse Key Signalling Circuit tor Three Levels. 
Central Battery System (Fig. 92).— This diagram 
illustrates the arrangement of the connections for 
working the signalling system shown in Fig. 91 by 
means of the central battery system. 

Morse Key Signalling Circuit for Three Levels 
(Fig. 93). — To ring all the bells above the level from 
which a signal is being transmitted, without ringing 
the lower ones, while the banksman at the top of the 
shaft can ring the bell at the bottom of the shaft 
without ringing those at the intermediate levels. The 
ringing key at the top of the shaft is a plain circuit 
closer or bell push, the other ringing keys are ordinary 
Morse keys arranged for sending and receiving signals. 

Visual Electric Shaft Signalling Apparatus. — ^The 
constant endeavours now being made to speed up the 
winding arrangements of mines and to increase their 
outputs to the maximum possible, while at the same 
time safoguarilin^ the lives of the workmen and pre- 
ventiitg risk of dmna^* to the mining equipment, has 
]i\\ to the inti>>^luo(ion t>f a number of specialised 
sysloin^ of oWfvio >l^^ft >i^i^iuUlii^» The object of all 
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different levels of the mine to the engine house, by the 
addition of visual indications of the orders to the bell 
signals usually employed. The apparatus consists of 
sets of indicators and bells for the bank of the mine, 
engine room, and levels. These parts are illustrated 
by Figs. 94, 95 and 96 respectively, and the method of 
working them is as follows : When it is required to 





Fig. 95. 



wind men from the level the onsetter turns the top 
switch on his indicator to *' men," and then gives the 
customary rings on the bells at the bank and engine 
house by means of the bell switch provided. If the 
banksman concurs with the signal from the onsetter, 
he repUes by means of the bell and turns his switch to 
** men," whereupon the signal ** men " is illuminated 
in the engine house, at the bank, and at the level. 
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This indicates to the engineman that men are to be 
carried, an J this order remains in force for all the 
subsequent windings until altered for some other 
operation, such as " coal " or " shaft." 

The operations of winding are controlled by the lower 
switches on the bank and level instruments in the 
following manner : If the cages are provided with one 
deck only, and are loaded ready 
^^^^^ for raising and lowering, the 

^^^^^ onsetter and banksman turn 

^K^ their respective switches to 

^k^^^f "ready," and give the usual 

^_2Br rings on the bells. When both 

have turned their switches, the 
signal appears illuminated at 
the engine house, bank, and 
level. It will be seen that the 
visual indication of the order 
does not appear in the engine 
house until both the onsetter 
and banksman are ready for 
the order to be executed. When 
the engine has started, a switch 
is actuated which releases the 
"ready" switches at both the 
bank and level, thus extinguishing the lamps and 
the order on the indicators and leaving them clear for 
further orders. In cases where the cages have two cr 
more decks which are loaded from one staging, necessi- 
tating the moving of the cage a short distance after one 
deck has been loaded, the operation is controlled by 
turning the switch to " change decks," with the same 
procedure as for " ready." The signal " change decks " 
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is obliterated by the movement of the engine in the 
same manner as the order " ready." When all the 
decks are filled, the signal " ready " can be given in 
the same manner as for one-deck cages as described 
above. Any system of bell signals can be used in 
conjunction with the luminous signals. The circuits 
for illuminating the indicators being separate from the 
bells, the indicators form independent corroboration of 
the bell signals, and as it is necessary for both the 
onsetter and banksman to operate their switches before 
the orders are illuminated, it is clearly indicated to the 
engineman that he may proceed without any possi- 
bihty of doubt as to the bell signals given. The 
emergency or " stop " signal can, however, be operated 
independently by either the onsetter or banksman to 
stop the cage at any point. An important feature of 
the system is that the apparatus can be installed 
without interfering with any existing system of signal 
beUs which can be operated in the ordinary manner, 
the apparatus being supphed with or without beUs 
according to circumstances. In addition to the safety 
provided by having a visual indication of the order, 
further security is obtained by the arrangement that 
the visual signal indication does not appear until both 
the men concerned, the onsetter and the banksman, 
have concurred and performed their part of the 
signalling. It is also impossible for more than one 
order to appear at the same time, the changing of an 
order by either man extinguishing automatically the 
previous indications. Visual indications are provided 
by illuminated windows, on which the orders appear 
as soon as the lamps which are arranged behind them 
are ht by the operation of the switches at the levels and 
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at bank. Although the bell signals are indei>endent of 
the liuninous indicators, practically no time is lost in 
working the latter, since it only requires the operating 
of the " ready *' switch at each winding. The moving 
of the switch for the standing orders is only required 
at long intervab. The " stop " or emergency order, 
when operated at either the bank of the mine or the 
levels, immediately illuminates the order on all instru- 
ments and at the same time rings a trembler bell in the 
engine house. For this signal it is not necessary for 
the onsetter and the banksman to operate their switches 
together, as in the case of the other stsmding orders. 
For mines in which there are two or more levels from 
which it is required to communicate with the engine 
house, additional sets of indicators are installed under 
the control of the banksman, to indicate to the onsetters 
which level to use, and to the engineman to which level 
to work the cage. Means are also provided in this 
apparatus whereby only the level to which the cage is 
working can send orders to the engine house. Each 
onsetter can communicate to the banksman in order to 
indicate when he requires the cage to stop at his level. 
The apparatus is contained in substantial watertight 
cast-iron cases with separate windows for each order. 
The press switches and the order-sending switches are 
securely protected, so that it is impossible for them to 
be accidentally closed. The diagram (Fig. 97) shows the 
general arrangement of the apparatus for a shaft having 
one level only, and Fig. 98 that for a shaft having two or 
more levels. The bells shown on the apparatus in the 
latter diagram are arranged so that only that level to 
which the level indicator at the bank of the mine 
indicates is able to send signals. A special bell is 
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provided at the bank, however, which can be rung at 
any time from the other levels to draw the attention 
of the banksman that they require the cage to work to 
their level. In cases where it is necessary to work the 
cages from either side of the shaft, duplicate " change 





Fig. 100. 



decks " and " ready " switches may be fitted as shown 
in the diagrams (Figs. 97 and 98). 

^^ Adnil '' Luminous Mine Shaft Signalling Apparatus. 

— ^An interesting apparatus which has been designed to 
assist in the safe operation of winding in mine shafts 
is the " Adnil." This system combines the usual 
audible bell or hooter arrangement with an indicator 
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to be given is number " 6 *' on the dial the lever is 
moved forward six times. This has the eflfect of 
placing the pointers of all the instruments (with the 
exception of the receiving instrument in the winding 
engine house) over signal number " 6." Simulta- 
neously at each point the acoustic signal is sounded a 
corresponding number of times. When ready for the 
order to be carried out by the engineman, the banksman 
at the surface passes it on to him by merely pressing 
once a " carry-out " push (not shown in illustration). 
This causes the signal number ** 6 " to be recorded on 
the dial of the receiver in the engine house and the 
electric hooter or bell, as the case may be, to sound 
six times, whilst the pointers on all the other instru- 
ments automatically return to the zero point unaccom- 
panied by any audible signal. The signal thus given 
remains on the engineman's instrument until a fresh 
signal is transmitted. In case of pressing danger, 
another signal (diflEering in tone from the other alarms) 
can be given by pressing th« emergency push. This 
signal is sounded at the surface and in the engine 
house. The principle on which the instruments and 
system are constructed and arranged is illustrated by 
the diagrams (Figs. 101 and 102). 

The Combined Transmitter and Receiver. — In each 
of the instruments at the various points there is a 
recorder, the construction of which is illustrated by the 
diagram (Pig. 101), On referring to the diagram it will 
be observed that this recorder is furnished with three 
electro-magnets M^, M^, M^, the iron cores of which slide 
in and out when the current is sent through the respec- 
tive windings. The electro-magnets are arranged in 
a circle round a centre crank, to which latter the 
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movable cores are coupled. The angular displacement 
of each electro-magnet with respect to the others is 
120 degrees. To turn the centre crank round once in 
the direction of the hands of a clock a current impulse 
would have to be sent through electro-magnet M®, 
another through M^, and a third through M*. The 
crank is geared by a small pinion to a large cogwheel, R, 

on whose shaft there 
is a pointer. It is 
obvious that by 
choosing the proper 
proportion between 
the two gear wheels 
the pointer can be 
moved to any desired 
number on the dial 
in front of which it 
is placed. By revers - 
ing the direction of 
the motion of the 
brush, L, the battery, 
B, can be made to 
send the successive 
impulses through the 
electro-magnets in the reverse order, so that the 
pointer moves in the opposite direction. 

The Automatic Switch. — The function of the auto- 
matic switch is to store up the signal given at any 
point and to pass the signal on to the engineman 
when the banksman depresses the " carry-out " push. 
When the principle on which the storing up of the 
signal is based has been grasped the rest of the system 
is easy to understand. The principle can be readily 
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explained by means of a simplified diagram (Fig. 102). 
On this diagram the recorders on the bank and down 
the mine shaft only, and the corresponding bells or 
hooters are shown. At the bank the " carry-out '* 
push only, and in the mine the signalhng lever only, are 
in evidence. The rest of the apparatus has been left 




Fig. 102. 



out as it is unnecessary for the purposes of this descrip- 
tion. The apparatus inside the double dotted Hnes 
represents the automatic switch. M is a motor 
coupled to a shaft, S, on which are fixed a pinion, P, 
and two discs, D and D\ The pinion, P, drives the 
signal storing disc, SSD. A brush, B, bears on a piece 
of insulating material fixed on the edge of the disc. 
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SSD. Disc D has also a small segment of insulating 
material on which a brush bears until the disc is moved 
and its metallic part brought in contact with the brush. 
Disc D^ has a rim of insulating material, except at one 
point where the brush bears on a segment forming a 
part of the soUd metal. Disc D* is stationary, so that 
when the motor turns the shaft the brush, L, is brought 
into contact with the segments, S^, S^ S', and S*, in 
succession. The order in which contact is made with 
these segments is reversed when the motor runs in the 
reverse direction. The sUghtest turn of the pinion, P, 
will cause the metaUic part of the disc, SSD, to be 
brought into contact with the brush, B. Assuming 
that an onsetter in the mine wishes to give a signal 
corresponding to point " 3 *' on the recorders. To do 
this, he brings his signalling lever into contact with C 
three times. Each time the lever is hrought into contact 
with the following circuit is closed, and the following 
f imctions are performed by the automatic switch : — 

The circuit closed may be traced from the + pole 
of the battery, B, through the signalling lever, disc 
D^, motor, armature, K^ of the relay and back to 
— pole of the battery. The motor instantly turns the 
shaft and breaks the contact at disc, D^, but at the 
same time causes contact to be made at D, so that the 
current is kept flowing from + of the battery through 
wire W, shaft, disc D, K* of relay and through the 
motor to — pole of the battery. The shaft, therefore, 
has to make a complete revolution before the con- 
tact with the brush on disc D is broken again by the 
segment 1. This one revolution of the shaft will have 
caused two distinct functions to have been performed : — 

(1) A current impulse will have been sent through 
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the medium of brush, L, through each of the three coils 
of each recorder, and through the bells or hooters. 
The pointers of the recorders will, therefore, have 
moved on to the next point on the dial, and the bells 
or hooters will have sounded once. 

(2) The pinion, P, will have turned the disc, SSD, 
round a certain distance. (The signal storing disc, 
SSD, is so geared as to make only one complete revolu- 
tion when the shaft, S, has turned round the maximum 
number of times.) The slightest turn of the shaft will 
suffice to bring brush, B, into contact with the metalUc 
part of the disc, SSD. The pinion, P, having been 
turned round three steps through the signalling lever 
being brought into contact with C three times, the 
" carry-out " push is now depressed by the banksman. 
A current will thus flow which may be traced from the 
— pole of the battery, through W^, ** carry-out " push, 
winding W^ of relay to + pole of battery B. The arma- 
ture springs, K^, K^, and K^, then come into contact 
with C^, C^, and C^, and current commences flowing 
through winding, W^, to the motor. As the current is 
now sent through the motor in the opposite direction 
to that which flowed when the signalling lever was 
operated, the motor will turn back the shaft, S, until 
the insulating segment on SSD comes under b'rush B 
again. That is to say, the shaft, S, is now turned back- 
ward exactly the same number of times as it was 
previously turned forward, and the pointers on the 
recorders are also moved back to the starting point. 
When the current ceases flowing through the motor by 
virtue of disc SSD, the relay releases and the springs, 
K^, K^, and K^, go back into their normal positions. 

It is obvious that another pointer could be fitted in 
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CHAPTER Vm 

ELECTRIC SHAFT SIGNAL WIRING 

In cases where the wiring diagram ents^ only a 
small number of conductors, single wires may be used 
for shaft wiring. When four or more wires are com- 
prised in the system it is preferable to form them into 
a multicore cable, which may be armoured or not, as 
circumstances dictate. Signal wires should in all cases 
be rim on the opposite side to electric Ught or power 
cables, if these pass down the same shaft. If the signal 
cables are armoured, the armouring should be effectively 
earthed, so that any induced electro-motive force may 
be discharged at once. 

Insulation of Shaft Wires. — Bare wires are sometimes 
run in the shaft, but are seldom satisfactory, and one 
of the wires at least should be insulated. A suitable 
class of insulated wire adapted for the purpose is that 
used for electric Ughting service. This may be com- 
posed of a single copper conductor of not less than 
No. 14 gauge wire (or the equivalent stranded con- 
ductor) tinned and insulated with pure and vulcanised 
india-rubber, taped and braided and coated with pre- 
servative compound. 

Fixing Insulated Wires in Shafts. — ^The simplest 
method of fixing single insulated wires in shafts is to 
support each wire from a porcelain bobbin or reel 
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insulator fixed to the brickwork, or timbering, at the 
top of the shaft and attached to another insulator at 
the bottom. If the wires are liable to be damaged, 
they should be enclosed in continuous wood casing, 
which may be fixed to the side of the shaft. The 
casing should be made of well-tarred timber of sub- 
stantial thickness, and should be supported on distant 
pieces so that there is a space left between the casing 
and the brickwork for the free passage of water. The 
wood casing should have a rather deep groove into 
which the wires fit tightly, and are thus supported as 
well as enclosed. A wooden mallet should be used 
when placing the conductors in the grooves to prevent 
any risk of damage to the insulation of the wires. 
After being gently forced into place the wires may be 
covered with a thin wood board or capping, care being 
taken to keep all nails, used for the purpose of securing 
the covering to the casing, well away from the wires. 
Iron pipes or conduits are not to be recommended as a 
protection for covered wires in shafts. They are more 
expensive than wood casing, cost more to fix and often 
corrode through the action of the water present in the 
shaft, which is frequently charged with mineral salts 
and other corrosive materials. The wires are further- 
more Uable to be damaged while being drawn into the 
conduits, and when once fixed, examination for faults 
and repairs becomes exceedingly difficult. 

Jointing Shaft Wires. — ^Unless specially manufac- 
tured, the insulated line wires used for shaft signalling 
are usually deUvered in coils or cut lengths, varying 
from 100 to 110 yards (one sixteenth of a mile). If the 
shaft is deeper than this it will be necessary to joint 
on extra lengths of insulated wire until the required 
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continuous length is made up. Wherever possible, 
the joints in the insulated wires should never be made 
in the shaft itself, but if jointing cannot be avoided, 
they should be made on the surface and under cover. 
A joint is made in an insulated wire in the following 
manner : The two ends to be jointed together are 
taken and all braiding carefully removed for a distance 
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of about 2 inches from each of the ends. The india- 
rubber insulation is then cut back for a somewhat 
shorter distance, so that a space of about J inch 
separates the copper conductor from the braiding, 
the india-rubber installation being preferably tapered 
away from the copper conductor, as shown in Fig. 103. 
The copper conductor is then scraped perfectly clean, 
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Fig. 104. 

and the two ends twisted together in the manner shown 
in Fig. 104. The joint thus made in the copper con- 
ductor is preferably soldered. A strip of pure india- 
rubber tape is then put on under tension, making three 
or four layers, each layer breaking joint with the one 
below, and all commencing well back on each side of the 
joint. Some jointers at this stage rub a small quantity 
of india-rubber solution over the last layer of rubber, 
and this, if not used in excess, has the effect of making 
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all solid. If, however, too much is used, it eventually 
rots the insulation of the joint. In any case, if used, 
a short time should be allowed to elapse, to enable the 
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Fig. 106. 

rubber solvent to evaporate before finally finishing 
the joint. This is effected by wrapping the joint with 
a layer of waterproof adherent tape. A finished joint 
is illustrated in Fig. 105, 

Multicore Cables. — When the conditions favour the 
use of a multicore cable a suitable specification is as 
follows : — 

" Each conductor of No. 18 S. W. gauge or No. 16 
B. and S. gauge tinned copper wire. 

" Insulated with pure and vulcanised india-rubber ; 
taped. 

" The insulated conductors twisted together. 

" Sheathed with a soUd tube of vulcanised bitumen 
compound, ribbed internally to fit the interstices ; 
taped. 

" Jute served and compounded. 

** Armoured with a single layer of galvanised mild 
steel wires. 

•* Jute served and thoroughly compounded over all." 

These multicore cables usually work well for a very 
long period, but if a fault eventually develops in any 
of the cores it is a difl&cult matter to locate the defective 
part and make a satisfactory repair. For this reason 
it is the best practice to include^one or two spare 
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insulated wires in the cable over and above the actual 
number required in the first instance, so that one or 
more of these spare cores maybe substituted and brought 
into service in place of any core which may develop a 
fault in working. The actual prime cost of these extra 
spare cores is comparatively small, while by their 
inclusion in the cable, a large future expense may be 
saved in repairs. They also serve a useful purpose in 
enabUng tests of the wiring to be carried out while the 

system is actually in use, and 
without interfering with the 
working of the same. 

Suspension of Armoured 
Cables. — ^There are two gene- 
rally recognised methods of 
fixing armoured cables in 
shafts, viz., by single stLspeU' 
sion and by means of cleats. 

Single Suspension. — Fig. 
106 shows a method of single 
suspension from the top end 
of the shaft only, suitable for armoured signal bell 
cables. An iron cone bored in the centre to take 
the cable, as measured over the armouring, is passed 
over the cable, and the armouring wires cut and 
bent over at right angles and gripped firmly by a 
top plate held down by four bolts. The centre hole 
in the top plate, through which the cable passes, 
is countersunk, and the cap thus formed is filled 
in with bitumen or other waterproof compound to 
prevent corrosion of the armouring at this point. 
The whole is suspended by means of a galvanised steel 
rope or chain from some convenient point at the top 
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of the shaft. The objection to this method of sus- 
pension is that the armouring wires must be cut, in 
order to secure a grip on the cable, and this forms a 
weak point in the cable. In most cases it is preferable 
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to employ some means of suspension whereby the cable, 
with the armouring intact, is carried direct into a ter- 
minal or connecting box fixed in some position at the 
top of the shaft, as near to the signaUing apparatus as 
possible. Fig. 107 shows an alternative method of 
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suspensioii suitable for use under these conditions. 
A ^l^mping device is employed, consisting of a steel or 
iron plate provided with a number of steel clamping 
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lv\tH>^, Tht» cable has split steel bushes fitted around 
it. thixni^h wluoh it is gripped by the clamps, so that a 
iiUvHH\s!iivu\ i>f grijvHi ia obtained ^thout the cable being 
•\j\itH\»tHl owt of tJh^ circular shape. The clamp, with 
U^^ i>aW^ atta<4^<^U is suspended by means of wire 
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ropes threaded through eyelets fonned in the clamp, 
as shown in Fig. 107. 

Wood Cleats. — ^The method of fixing armoured 
cables b; means of cleats is that generally adopted for 
shaft wiring. The cable is fixed behind the " buntons " 
which serve to support the cleat and deflect coals and 
other falling materials in the shaft. The usual form 
of cleat employed is that shown in Fig. 108. The 
cleat is made from a block of some hard wood, such 
as elm or pitch pine. The latter wood is preferable, 
as the resin in the pine assists the grip of the cleat on 
the cable and resists absorption of water. Oak is not 




Fig. 110. 



suitable because of the tannic acid which it contains. 
A hole is bored lengthwise through the wood block to 
the exact size of the cable. The block is then sawn in 
half, the two halves being clamped together by means 
of iron straps and bolts. After the cable has been 
pressed into the grooves, the thickness of the material 
removed by the saw cut is sufficient to give the neces- 
sary grip on the cable. The dimensions of the indi- 
vidual cleats and the number required will depend 
on the weight of the cable. Various methods of 
fixing the cleats in the shaft are employed, this being 

l2 
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determined by the individual circumstanoes. A simple 
method is that shown in Fig. 109. The cleat is bolted 
to short pieces of angle iron, which are in turn fixed to 
wood battens which are supported at one end by the 
bunton, and the other by being let into the brickwork 
forming the wall of the shaft. 




Shaft Wiring Terminal Boxes. — ^It is good practice 
to have terminal or link boxes fixed at each end of 
the shaft wires or cables. This prevents the frequent 
necessity of making joints at these points and greatly 
facilitates the testing of the wiring and localisation of 
faults. A suitable form of terminal box consists of an 
insulating slab of ebonite, or porcelain, having mounted 
upon it the required nimiber of terminals arranged so 
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that the shaft wires may be entirely disconnected 
from the remainder of the circuit. A device of this 
kind is shown in Fig. 110. It will be noted that two 
sets of terminals are provided, one set being connected 
to the shaft wires and the other set to the bell and 
battery circuit, etc. The two sets of terminals are 
normaUy connected by a number of metal bars or links 
which, in the terminal board shown in Fig. 110, are 
held in place by spring clips and numbered so as to 
make identification of the various wires and circuits 
an easy matter. The terminal boards may be enclosed 
in teak, oak or other hardwood cases, when placed in a 
dry position, but when armoured cables are used an 
iron box fitted with watertight glands and cover, as 
shown in Fig. Ill, should be provided. 



CHAPTER IX 

ELECTRIC ENGINE PLANE SIGNALS 

The engine plane signalling system, which controls 
the traffic on the underground haulage roads and engine 
planes is now almost invariably operated electrically. 
In this system of signalling the usual arrangement is to 
place a bell and battery in the engine house, which may 
be situated either at the level or bottom of the shaft or 
on the surface. The bell, which may be either single- 
stroke or trembling, is fixed as near to the engineman as 
possible, while the battery is placed in any convenient 
position where it may have the advantage of a moderate 
temperature at all times and which is also dry. The 
bell and battery are connected to two bare wires, which 
run the full length of the engine plane. These bare 
wires are fixed on porcelain, stoneware, or glass in- 
sulators, and are stretched at such a distance apart that 
they can either be pinched together with the hand or 
bridged across with a spanner, or any other convenient 
method. By means of this simple arrangement the 
bell can be rung and a signal transmitted from any 
point on the haulage road by simply bringing the two 
wires together or otherwise short-circuiting them. 
This constitutes the simplest possible arrangement of 
engine plane signalling which, however, may be 
elaborated to almost any extent. Where the hauling 



ELECTRIC ENGINE PLANE SIGNALS 161 

engine is on the surface a second bell may be inserted 
in the circuit at the bottom of the shaft to ring 
with the engine house beU, so that the onsetter will 
be informed of all that is taking place on the engine 
plane. If it is necessary for the roadman to be informed 
when the haulage is stopped, beUs may also be inserted 
at the various stopping places on the road where 
desired. At these stations suitable ringing keys or 
tappers are fixed for working the signals, but at all 
other places along the road the signals are given by 
merely pressing the two wires together. 

Sectional Signalling System. — ^Where a number of 
districts are being worked underground, or the haulage 
road is of any considerable length, it is essential for the 
engineman to be informed from what point on the road 
the signals for stopping or restarting the hauling engine 
are being sent. A method of performing this duty is 
to assign a definite number of raps or rings of the 
signal bell to distinguish each of the different roadmen, 
but this is not an infallible system as it is quite possible 
for two or more men to signal simultaneously, thus 
leading to a confusion of signals taking place. The 
only reUable system to instal under these circumstances 
is the sectional system. This system necessitates the 
dividing up of the engine plane, or haulage road, wiring 
into sections corresponding to the various distaricts, or 
to convenient lengths of roadway, and the provision of 
a suitable indicator in the hauling engine house for the 
guidance of the engineman. He is thus enabled to 
distinguish the origin of the signals and ascertain 
definitely, before restarting the hauling engine, after 
receiving the signal to stop, that the. signal to restart 
has been given from the same section as transmitted 
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the stopping signal. It is most important that un- 
deniable evidence of this be transmitted to the hauling 
engine house, as otherwise the train of tubs may be 
started inadvertently by an attendant when another 
attendant wishes it to remain stationary, leading 
possibly to loss of life or serious damage to the mining 
equipment. 

Bell Signal Relay Installations. — ^When the under- 
groimd signalling circuits are of some considerable 
length it may be foimd that an excessive voltage is 
necessary to ring the different signal bells efficiently. 
On the other hand, on a wet haulage road there is 
likely to be considerable leakage between the wires, 
and in such circumstances the actual voltage on the 
lines should be kept as low as possible. Either of these 
conditions favours the introduction of a system of relay 
working. One or more relays of the type shown in 
Fig. 26 are inserted in the main circuit of the line wires 
in place of the signal bells which are rung by a local 
battery actuated by the relays. In following out this 
system the actual voltage required on the main lines 
may be kept at an extremely low value resulting in a 
minimum of leakage without any reduction in the 
efficiency of the system taking place. 

Engine Plane Signalling in Gaseous Mines. — ^The 
system of bare wire signalling on engine planes is not 
suitable for use in gassy mines, as owing to the sparking 
which occurs when transmitting a signal, through 
contact with the bare wires, any inflammable gas which 
may be present in sufficient quantity is liable to be 
ignited. For mines of this description it is necessary 
to employ conductors insulated throughout with india- 
rubber or other suitable insulating material, such as are 
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used for electric lighting service. These insulated line 
wires may be fastened to porcelain or glass insulators 
or a multicore cable may be employed which may be 
insulated and armoured in a similar manner to shaft 
cables. This system necessitates the use of a number 
of gas-proof press buttons or ringing keys, one of which 
is placed in each of the refuge holes along the haulage 
road. 

Mechano-Electric Engine Plane Signalling Apparatus. 
— Perhaps the most favourable feature of the bare wire 
signalling system is the facihty it aflEords for imme- 
diately transmitting a signal from any and all points on 
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Fig. 112. 



the haulage road throughout its length. Any system 
which takes away this advantage must compare 
unfavourably with it in efficiency. Unless, therefore, 
the gas-proof ringing keys are placed at extremely 
short distances apart along the haulage road a con- 
siderable delay must ensue before a signal can be 
transmitted to the hauhng engine house. With a set 
of tubs off the road, or other like trouble, the delay of 
a few seconds in transmitting a signal may quite easily 
have serious consequences. Many systems have been 
devised with a view to combine the advantages of the 
bare wire signalling system with the safety required 
and inherent in a continuously insulated system. 
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The DaviS'Fryar mechano-electric signalling system 
described herein commends itself as practical and 
reliable and easily maintained in working order. The 
system is illustrated diagrammatically in Fig. 112. 

A contact-maker, A, of special construction is placed 
in a position where required, and actuated by flexible 
galvanised iron or steel wires which run along one side 
of the haulage road. These wires, which are carried by 
small supporting pulleys, are anchored at the end 
remote from the contact-maker, and pass over a pulley 



r/cx/6/c_BI 
Pull-wire 




Oil Contact Chsmhsr, 

Fig. 113. 

near to it, and are kept taut by means of weights. 
Near to the last-mentioned pulley one end of a short 
length of flexible wire is secured, and the other end is 
attached to the contact-maker. The electric contact 
is contained in a strong cast-iron case, as shown in 
Fig. 113, which is gas proof, the actual contact is 
immersed in oil and a removable cover enables it to be 
readily examined. It will be not.ed that the contact 
maker is double acting, so that the flexible wire may 
be run right and left, and thus double the length of 
road is served, ».€., 200 yards of road. It will be seen 
that a signal can be transmitted by pulling the taut 
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flexible wire at any point. The system is considerably 
less costly than that of instaUing a sufficient number of 
gas-proof ringing keys, while it is also more efficient 
owing to the fact that a signal can be transmitted from 
any part of the haulage plane, whereas ringing keys can 
only be fixed at intervals. The line wires required for 
operating the system are insulated throughout, suitable 
connections being made to the electric contacts, 
through water and gastight glands fitted to the cast-iron 
case of the contact maker. 

Engine Plane Wiring Diagrams. — ^The following 
diagrams illustrate the various methods of arranging 
the wiring and accessories used in connection with 
haulage plane electric signaUing. It will be noted that, 
corresponding to shaft signalling, the various systems 
may be operated either by a central battery or multiple 
batteries may be employed. 

Bare Two-Wire Signalling Circuit with Central 
Battery (Fig. 114). — This forms the simplest arrange- 
ment of engine plane signal wiring. Two bare wires, 
W^, W^, are stretched on insulators for the full length 
of the haulage road. The system is operated by a 
single battery which is placed in the hauUng engine 
house, along with the. signal bell. The signals are 
transmitted from any part of the road by merely 
short-circuiting the bare wires in any convenient 
manner. 

Three-Wire Signalling Circuit with Bells in Series 
(Fig. 115). — This diagram shows the arrangement of 
the wiring when signal bells are required to ring at the 
various stopping places or turn outs along the haulage 
road, in addition to the signal bell in the haulage 
engine house. The two wires, W^, W^, are bare wires 
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which are stretched on insulators, J, along the haulage 
road. The wire, V, is insulated throughout with a 
covering of vulcanised india-rubber or similar material, 
and is used for connecting the signal bells and battery 
together and to the bare signalling wires. The signal 
bells are connected in series and may be either single- 
stroke or shunt or differential trembUng bells. All the 
signal bells are rung simultaneously by bridging across 
or otherwise short-circuiting the two bare signalling 
wires, W^, W*. 

Three-Wire Signalling Circuit with Bells in Parallel 
(Fig. 116). — ^This diagram differs only from the pre- 
ceding in that the signal bells are arranged in parallel. 
They may be either single-stroke or ordinary trembUng 
bells may be used. W^, W*, are the bare signalling 
wires, V being the insulated connecting wire. 

Two-Wire Signalling Circuit with Bells in Series 
(Fig. 117). — It will be noted that in this system only 
two wires are required to ring any number of signal 
bells in series along the haulage road and in the engine 
house. The two bare wires, W^, W*, are stretched on 
insulators, J, and the signals are transmitted in the 
usual manner. In this arrangement, unless a third 
wire is employed, as shown in Fig. 115, it is compulsory 
to have a battery at each end of the line, otherwise only 
those bells between the battery and point of signalling 
will ring. 

Two-Wire Signalling Circuit with Bells in Parallel 
(Fig. 118). — In this arrangement of the wiring, any 
number of stopping places or turn-outs on the haulage 
road are each provided with signal bells and battery 
arranged in parallel on the bare signalling wires, W^, 
W^. The whole of the bells are rung simultaneously 
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by pressing any one of the ringing keys provided at the 
stopping stations, or by pressing the two bare wires 
together in the ordinary manner. 

Two-Wire Signalling Circuit with Multiple Battery 
(Fig. 119). — Both signal bells B\ B^ can be rung 
from either end of the haulage road by depressing the 
ringing keys which make a connection between the 
two line wires, or by short-circuiting the bare line wires 
at any point on the engine plane. 

Haulage Plane Signalling Circuit. Sectional System 
with Indicator. (Fig. 120). — A bare positive signalUng 
wire, W^, is strung on insulators, J, along the fuU length 
of the haulage road. The negative wire, also bare, is 
divided up into any convenient number of sections, 
S^, S*, S', each of which is insulated from the other and 
from the positive wire. A wire, V^, V^, V, insulated 
throughout its entire length, is connected to each of the 
bare section wires and taken back to an indicator fixed 
in the hauUng engine house. The indicator, which is 
preferably of the luminous signal type, is provided with 
a signal bell and a central battery operates the entire 
system. The signals are transmitted to the engine 
house by pressing the bare wires together, or otherwise 
short-circuiting them, at any point on the haulage 
plane, in the usual manner. The section from which 
the signal originates is recorded on the indicator, while 
the signal bell indicates by the number of its strokes or 
rings the nature of the signal. 

Engine Plane Signalling Circuit with Relay (Fig. 121). 
— ^When the Une circuit is of some considerable length 
or very wet conditions prevail so that either an 
excessively high or low voltage is necessary to 
operate the signalling system, one or more relays may 
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be employed with advan- 
tage. 

Fig. 121 illustrates the 
principle of relay working 
as applied to underground 
signalling circuits. W^, W^ 
are two bare signalling wires 
stretehed on insulators, J, 
in the usual manner. MB is 
a main battery composed of 
any convenient number of 
cells according to the volt- 
age required to operate the 
system. This battery may 
be placed in any convenient 
position on the haulage 
road or in the engine house. 
B is an ordinary relay of the 
type illustrated in Fig. 26. 
The relay, together with the 
signal bell and local battery, 
LB, are placed together as 
close as possible in the haul- 
ing engine house. When a 
signal is transmitted from 
any point on the haulage 
road the signal bell is rung 
by the relay contact closing 
the circuit containing the 
local battery, LB. 

Three- Wire Haulage Plane 
Signalling Circuit Multiple Relay System (Fig. 122). — 
The whole of the signal bells, situated in the hauling 

M 2 
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engine house and at the various turn-outs on the 
haulage road are rung by means of the local batteries, 
LB, which are actuated by relays, R^, R*. Three 
insulated line wires, W^, W^, W^, are employed, W^ 
being the negative or return wire. The relays are 
connected in parallel between the Une wires, W^ and 
W^, and the ringing keys, K^, K^, connect the Une 
wu^es, W^ and W^. The main circuit is operated by 
the main battery, MB. All the bells are rung simul- 
taneously by depressing any of the ringing keys, K^, K^. 
Morse Key Signalling Circuit (Fig. 123).— Either 
bell is rung by depressing the Morse keys situated at 
the opposite end of the haulage road. In this instance, 
the line wires are insulated throughout their entire 
length. 



CHAPTER X 



ELECTRIC ENGINE PLANE SIGNAL WIRING 



Bare Wire Signal Wiring. — -The conductors used 
for wiring engine planes and haulage roads in con- 
nection with the bare wire signaUing system are 
ordinary galvanised iron wires in sizes varying from 
150 lbs. to 300 lbs. per mile. The latter makes the 
neatest job and is also stronger and more durable than 
the smaller sizes, while by 
reason of its lower electrical 
resistance it is also more 
economical in battery power. 

Engine Plane Signal Insu- 
lators. — ^The conductors are 
fixed to porcelain, stoneware 
or glass insulators, usually 
of the reel or bobbin 
pattern, as shown in Fig. 

124. These insulators are made in a large 'number 
of different sizes, a convenient size adapted for this 
purpose being 2 inch diameter X IJ inch height and 
with J inch hole in centre and groove on periphery 
J inch width and depth. 

Fixing Insulators. — The insulators are fixed by 
means of a coach bolt or screw passed through the 
centre hole and either screwed into the props on the 
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side of the road, as shown in Fig. 125, or into the roof 
timbers. Where roof timbers are absent and it is not 

convenient to utilise 
the props on the 
sides of the roads, 
the '' post stone " 
forming the roof is 
plugged with hard- 
wood plugs and the 
insulators fastened 
to these. The two 
bare line wires are 
kept about 8 inches 
apart, which is a 
convenient distance 
for making contact 
between them with 
a lamp or metal tool 
of any kind when it 
is necessary to signal 
from any point on 
the road. Going 
round curves the 
insulators may be 
required every few 
feet, but on a 
straight road they 
will only need to be 
fixed at distances 
varying from 10 to 
16 yards apart. 
Shackle Insulators. — On very wet and steamy 
roadSj which are often met with, a serious amount of 




04 



S 



ELECTRIC ENGINE PLANE SIGNAL WIRING 167 

leakage is liable to occur if suitable precautions are not 
taken to prevent it, so much so that the signalling 
system is frequently rendered inoperative by reason of 
the moisture condensing in drops 
and running down the insulators. 
Under these conditions the reel 
type of insulator is not applicable 
and the shackle insulator, as 
illustrated in Fig. 126, is adopted. 
The shackle insulator is designed 
to be fixed in a horizontal position 
only, and it will be noted that it 
is provided with two Ups to shed 
off the water so that the effects of leakage are mini- 
mised to the greatest extent. The shackle insulator 
is fixed in position by means of a screw bolt passed 
through a hole in its centre in a similar manner to the 
reel or bobbin insulator. 

Sectional Wiring. — ^In arranging a scheme of engine 
plane wiring it is good practice to divide up the wiring 




riG.^126. 




Fig. 127. 



into a series of independent sections, each of convenient 
length for running the Une wires in the first instance, 
and subsequently for use in testing the lines. The ends 
of the line wires constituting each of the sections are 
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joined or connected together by means of short lengths 
of insulated wire, as shown in Fig. 127, the connections 
being made by means of screw 
clamps or terminal connectors of 
the pattern as shown in Fig. 128. 

Running Line Wires. — In 
running the line wires, one wire at 
a time is paid off the bundle or 
coil, or if possible from a drum, if 
this can be obtained, which is drawn along the haulage 
road for a convenient distance. The wire is lifted into 
the grooves of the insulators and stretched moderately 
taut by means of a draw vice and key of the 



Fig. 128. 




Fig. 129. 



pattern as shown in Fig. 129. The line wires are 
then shackled off and bound to the insulators. 

Binding Line Wires to Insulators. — The method of 
binding iron wires to the insulators is shown in Fig. 130. 
For the sake of clearness and the better to understand 
the description, the insulator itself is omitted from the 
illustration. Annealed galvanised iron wire weighing 
about 60 lbs. to the mile, is used for the binding wire. 
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Two laps of binding wire are taken round the line wire 
at A. The inner end is then taken round the neck of 
the insulator to the under side of the line wire at B, 
and, after one complete lap, is then taken back round 
the insulator to A and lapped on the line wire for 
about a dozen turns to C. - The other end of the binding 
wire is then taken from the underside of the line wire 
at A round the neck of the insulator to the upper side 
of the line wire at B, and then similarly lapped over 
the Une wire to D. 
Jointing Line Wires. — If the engine plane signal 



)))))■)] 




Fig. 130. 

wiring is divided up into sections, as referred to, a 
considerable amount of piecing together and jointing 
of the line wires will be obviated ; in most cases, 
however, some jointing of the Une wires is unavoidable. 
A number of different methods of jointing line wires 
are available, but the best kind of joint to employ for 
large size wires is undoubtedly the Britannia electric 
mine-signal joint shown in Fig. 131. The binding wire 
consists of annealed galvanised iron wire weighing 
60 lbs. per mile. The length of binding wire required 
for each joint depends upon the diameter of the Une 
wire to be jointed, varying from a length of 36 inches 
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for line wire weighing 150 lbs. per mile to 48 inches for 
line wire weighing 300 lbs. per mile. The overlap 
required to make a good joint also varies in accordance 
with the diameter of the line wires, the smaller the 
diametec. the shorter is the overlap necessary, varying 
from 2 inches in the smaller to 2 J inches in the larger. 
In making a joint the surfaces of the line wires and the 
binding wire must be perfectly clean and bright, and 
the conductors straight and parallel to each other. 
The free ends of the line wires are turned up at right 
angles for a space of about J inch, as shown in the 
illustration (Fig. 131). The making of a joint is much 




Fig. 131. 

facilitated if the ends of the Une wires can be held 
firmly in position, and for this purpose it is convenient 
to fix them into a hand vice leaving sufficient length 
of wire projecting to enable one half of the joint to be 
boimd. The binding is started by taking about half a 
dozen laps of the binding wire around the line wire 
commencing at A. The left hand portion of the bind- 
ing should then be completed holding the first few 
turns securely in position by pinching with the finger 
and thumb of the left hand and pulling tightly with the 
right hand at that end of the wire which is being laid 
on. The joint should then be removed from the hand 
vice and the right-hand side finished in a similar 
manner, taking about six or seven turns around the 
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single wire and neatly finishing off the binding wire, as 
shown in the illustration. These joints are sometimes 
soldered, but, if carefully made, this is not absolutely 
necessary. If soldered, Baker's soldering fluid, Fluxite, 
or other soldering paste only should be used, and when 
this has been applied the joint should be quickly 
soldered, the superfluous metal wiped off with a rag at 
right angles to the binding wire and the joint allowed 
to cool in the air. It is important that no ordinary 
acid flux be used on these joints otherwise the wire will 
quickly corrode and for the same reason as little as 
possible of the less harmful fluxes referred to should be 
left on the joints. 

Twist Joints for Line Wires. — ^A method of making 
a joint in the smaller sizes of line wires is that shown in 
Fig. 104. The ends of the wires having been thoroughly 
cleaned are laid side by side, overlapping for a length of 
about 8 inches and twisted together for a distance of 
about If inches, the twist here having a lay of about 
J inch. Each end should then be tightly wrapped 
around the other wire for a length of about f inch, thus 
making the completed joint about 2 J inches long, the 
ends being cut off with the pUers. The joint may then 
be soldered or not as may be decided upon. The two 
wires should be twisted equally in the middle portion 
as otherwise it has been found that breakage always 
takes place of the wire which has the greater amount 
of twist. 

Shackling off Line Wires.— At all terminal points 
where the Une wires begin or end, such as at the various 
sections and turn-outs on the haulage road, the Une 
wires are ** shackled off " or terminated on the in- 
sulators. The terminal insulators being in a position 
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to take up the whole of the stress due to the weight 
and tension of the particular length of line wire stretched 
betw^n them should preferably be of a larger and 
stronger type than the ordinary line insulators whose 
duty is merely to retain the line wires in position on 
the insulators and are in consequence subjected to 
httle or no stress. For this reason the terminal 
insulators should also be more strongly fixed and with 
a larger screw bolt. Fig. 127 shows the arrangement 




Fig. 132. 



of the terminal insulators for shackling oflE the line 
wires at a section or junction. The terminal insulators 
are fixed at a distance apart of about 18 inches, and the 
line wires are terminated by bending the conductor 
twice around the insulator and then lapping the double 
conductor with binding wire after the manner of making 
a Britannia joint except that a *' tail " is left for the con- 
nection to the leading -in or connecting wires. Fig. 132 
illustrates the manner in which the Une wires are 
shackled off or terminated on the insulators. The 



ELECTRIC ENGINE PLANE SIGNAL WIRING 173 

leading-in wires employed for connecting the various 
sections together or for making connection to the 
signalling instruments are composed of insulated wires 
similar to those used for electric lighting service, the 
conductors being of tinned copper and of No. 16 gauge. 
The insulated leading-in wires are preferably connected 
to the bare line wires by means of brass terminal 
connectors of the pattern as shown in Fig. 128. These 
connectors serve a useful purpose in that they enable 
the Une wires to be entirely disconnected either in 
sections or from the instruments without being under 
the necessity of breaking joints, thus facilitating 
testing operations if these are necessary at any time. 



Table XL- — ^Double Galvanised Telegraph and 
Telephone Wire of the Highest Electrical 
Qualities. 



r*5 




JS 


Approximate Breaking 


Average Resistance in 


OD 






Strain in lbs. 


ohms at 68° F. per mile. 


|l 


51 








J2i« 


'§1 


E.B.B.* 


B.B.t 


Steel. 


E.B.B.* 


B.B.f 


Steel. 


4 


•225 


780 


2,190 


2,409 


2,701 


6-44 


7-53 


8-90 


6 


•192 


540 


1,620 


1,782 


1,998 


8-70 


10-19 


12-04 


8 


•162 


880 


1,140 


1,254 


1,406 


12-37 


14-47 


17-10 


9 


•148 


820 


960 


1,056 


1,184 


14-69 


1719 


20-31 


10 


•185 


260 


780 


858 


962 


18-08 


21-15 


25-00 


11 


•120 


214 


642 


706 


792 


21-96 


25-70 


80-37 


12 


•105 


165 


495 


545 


611 


28-48 


83-83 


89-39 


14 


•080 


96 


288 


817 


355 


48-96 


57-29 


67-71 



* E3.B. = Extra Best Best. f . B.B. = Best Best Iron Wires. 
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Table XII. — Galvanised Iron Signal Wires. 
Ordinary Quality. 



:l2 

S 5 s 



4 

8 

11 

12 

14 



Diameter 

in 

inches, 



Weight 

in lbs. 

I per mile. 



Yards per 
cwt. 





1 


•234 


782 ' 


•192 


848 


•160 


188 


•104 


148 


•080 


88 



Approxi- 
mate 
Breaking 
Strain in 
lbs. 



269 

566 

1,077 

1,883 

2,240 



2,196 

1,044 

549 

444 

264 



Average Resistance 

in ohms (Iron 

Wires). 



Per mile. 



11-25 
2400 
46-50 
67-00 
9600 



Per 100 
yards. 



0-64 
1.36 
2-64 
819 
5*48 



Table XIII. — Showing the Difference Between 
Wire Gauges. 





American or 


Old 


Bir- 


W.&M. 


New 


U.S. 
standard. 


No. 


Brown and 
Sharpe's. 


English or 
London. 


ming- 
ham or 
Stubs. 


and 
Roebling. 


British 
Standard. 


0000 


•460 


•454 


•454 


•898 


•400 


•406 


000 


•40964 


•425 


•425 


•362 


•872 


•375 


00 


•36480 


•880 


•380 


•831 


•348 


•844 





•82495 


•340 


•340 


•307 


•324 


•313 


1 


•28930 


•300 


•300 


•283 


•300 


•281 


2 


•25763 


•284 


•284 


•263 


•276 


•266 


3 


•22942 


•259 


•259 


•244 


•252 


•250 


4 


•20431 


•238 


•238 


•225 


•232 


•234 


5 


•18194 


•220 


•220 


•207 


•212 


•219 


6 


•16202 


•208 


•208 


•192 


•192 


•203 


7 


•14428 


•180 


•180 


•177 


•176 


•188 


8 


•12849 


•165 


•165 


•162 


•160 


•172 


9 


•11448 


•148 


•148 


•148 


•144 


•156 
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Table XIII. — Showing the Difference Between 
Wire Gauges — Continued. 





American or 


Old 


Bir- 


W.&M. 


New 




No. 


Brown and 


English or 


ming- 


and 


British 


U.S. 




Sharpe's. 


London. 


ham or 
Stubs. 


Roebling. 


Standard. 


standard. 


10 


•10189 


•184 


•134 


•135 


•128 


•141 


11 


•09074 


•120 


•120 


•120 


•116 


•125 


12 


•08081 


•109 


•109 


•105 


•104 


•109 


13 


•07199 


•095 


•095 


•092 


•092 


•0988 


14 


•06408 


•083 


•083 


•080 


•080 


•0781 


15 


•05706 


•072 


•072 


•072 


•072 


•0703 


16 


•05082 


•065 


•065 


•063 


•064 


•0625 


17 


•04525 


•058 


•058 


•054 


•056 


•0563 


18 


•04030 


•049 


•049 


•047 


•048 


•0500 


19 


•03589 


•040 


•042 


•041 


•040 


•0438 


20 


•03196 


•085 


•085 


•085 


•086 


•0875 


21 


•02846 


•0315 


•032 


•032 


•032 


•0844 


22 


•025347 


•0295 


•028 


•028 


•028 


•0813 


23 


•022571 


•027 


•025 


•025 


•024 


•0281 


24 


•0201 


•025 


•022 


•023 


•022 


•0250 


25 


•0179 


•023 


•020 


•020 


•020 


•0219 


26 


•01594 


•0205 


•018 


•018 


•018 


•0188 


27 


•014195 


•01875 


•016 


•017 


•0164 


•0172 


28 


•012641 


•0165 


•014 


•016 


•0148 


•0156 


29 


•011257 


•0155 


•013 


•015 


•0186 


•0141 


30 


•010025 


•01375 


•012 


•014 


•0124 


•0125 


31 


•008928 


•01225 


•010 


•0185 


•0116 


•0109 


32 


•00795 


•01125 


•009 


•018 


•0108 


•0102 


33 


•00708 


•01025 


•008 


•Oil 


•010 


•0094 


34 


•0063 


•0095 


•007 


•010 


•0092 


•0086 


35 


•00561 


•009 


•005 


•0095 


•0084 


•0078 


36 


•005 


•0075 


•004 


•009 


•0076 


•0070 


87 


•00454 


•0065 


— 


•0085 


•0068 


•0066 


38 


•003965 


•00575 


— 


•008 


•006 


•0068 


39 


•003531 


•005 


— 


•0075 


•0052 




40 


•003144 


•0045 


— 


•007 


•0048 


— 
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APPENDIX 

BRITISH HOME OFFICE. ABSTRACT OF 
ELECTRICITY RULES. 

Metalliferous Mines Regulation Acts; 
Coal Mines Regulation Acts. 

I. Special Rules for the Installation and use 
of Electricity in Coal Mines. 

These rules shall not apply in the case of any apparatus 
used above ground except such as may directly affect the 
safety of persons below ground. 

(15) The use of electricity where inflammable gas is 
likely to be present. 

In any part of a mine in which inflammable gas, 
although not normally present, is likely to occur in 
quantity sufficient to be indicative of danger, the following 
additional requirements shall be observed : — 

(i.) All cables, apparatus, signalling wires and signalling 
instruments, shall be constructed, installed, pro- 
tected, worked and maintained, so that in the 
normal working thereof, there shall be no risk of 
sparking. 

Signalling. 

(17) — (a) Where electricity is used for signalling, the 
pressure in any one circuit shall not exceed 25 volts. 

(b) Contact makers shall be so constructed as to prevent 
the accidental closing of the circuit. 

(c) Adequate precautions shall be taken to prevent 
B.M.S. N 
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signal and telephone wires from touching cables and other 
apparatus. 

Memorandum, 

(11) Section (a). — If required by the conditions, light- 
ning arresters should also be provided where underground 
telephone or signal wires are connected to surface tele- 
phone or signal wires. It is important that the earthing 
of lightning arresters should be efficient. 

British Home Office Regulations under the Coal. 
Mines Act. 

Part II. — Signalling (except in Sinking Pits, 
Section 58). 

" Winding:' 

(92) The following signals shall be used at all times in 
connection with winding in shaft : — 
(a) For zvinding persons : — 

(1) When a person is about to descend, the banks- 

man shall signal to the onsetter . . 3 

Before the person enters the cage, the onsetter 
shall signal to the banksman and to the 
winding engineman . . . .3 

When a person is in the cage and ready to 
descend, the banksman shall signal to the 
winding engineman .... 2 

(2) IVhen a person is about to ascend, the onsetter 

shall signal to the banksman and to the 
winding engineman . . . .3 

Before the person enters the cage, the banks- 
man shall signal to the onsetter . . 3 

WTien the person is in the cage and ready to 
ascend, the onsetter shall signal to the 
banksman and to the winding engineman , 1 
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(b) For winding otherwise than with persons — 

To raise up . . . . . . .1 

To stop when in motion . . . . .1 

To lower down . . . . . .2 

To raise steadily . . . . .4 

To lower steadily . . . . . .5 

(98) The manager shall, in the case of a mine where 
there are entrances into the workings from the shafts at 
different levels, prescribe the signals to be used to indicate 
the level to which the cage is to be sent, and in respect of 
movements of the cage between one level and another 
level, and shall fix any other signals that may be required. 

(94) A notice shall be posted in the engine house and at 
the pithead and at each entrance into the workings from 
the shaft containing the foregoing signals and the signals 
fixed by the manager in pursuance of the preceding 
regulations. 

(95) In connection with every winding engine there 
shall be provided an appliance which shall automatically 
indicate in a visible manner to the winding engineman 
(in addition to the ordinary signal), the nature of the 
signal until the signal is complied with. 

(96) No person other than the banksman or onsetter 
shall give any signal unless he is an official of the mine or 
is authorised in writing by the manager to give signals. 

(97) The foregoing legulations 92 to 95 shall not come 
into operation imtil July 1st, 1914. 

'' Hauling:' 

(98) The following signals shall be used in all mines in 
connection with unclerground haulage worked by gravity 
or mechanical power : — 

(a) Direct or main rope haulage — 

To stop 1 

To lower ....... 2 

To wind up . . . . . .3 

N 2 
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(6) HatUage {other than endless rape or chain hatUage) on 
setf-acting inclines — 

To stop 1 

To lower 2 

When persons are about to travel up or down 
the incline ...... 4 

This signal shall be acknowledged by signal- 
ling ....... 4 

(c) Main and tail-rope haulage — 

To stop 1 

To haul inbye ...... 2 

To haul outbye ...... 3 

To slack out tail-rope . . . . .4 

To tighten tail-rope . . . . .5 

To slack out main-rope . . . . 6 

To tighten main-rope . . . . .7 

(d) Endless rope {or endless chain) haulage — 

To commence hauling . . . .2 

To stop hauling ...... 1 

(99) When persons are about to be conveyed inbye or 
outbye, each of the signals required by the foregoing 
regulations to be given when a set or train of tubs is about 
to be hauled inbye or outbye, as the case may be, shall be 
preceded by a cautionary signal of 8. 

(100) The manager shall, in the case of a mine where 
there are several districts, prescribe the additional signals 
to be used to indicate the districts ; and shall fix any other 
signals that may be required. 

(101) A notice shall be posted in the hauling engine 
house and at each signalling station containing the system 
of hatilage signals in use at such engine house or signalling 
station. 

(102) The foregoing regulations 98 to 101 shall not come 
into operation until July 1st, 1914. 
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Part VI. — ^Additional Regulations for Sinking. 

(185) The winding engineman shall not work the 
winding engine when men -are in the shaft except in 
pursuance of a signal received from the banksman or 
chargeman. 

(186) When lowering the kibble, the winding engineman 
shall stop it when it has reached a point three fathoms 
above the bottom of the shaft or above any cradle or 
platform upon which the kibble is to alight and shall 
wait for the signal from the chargeman to let it down. 

When raising the kibble he shall stop the engine as 
soon as the kibble has been raised four feet from the 
bottom, in order that the chargeman may see that the 
rope is steadied, and shall not again move his engine until 
he has received the signal from the banksman or charge- 
man. 

(189) To raise up 1 

To lower down . . . . . .2 

To stop when in motion . ... 1 

When men are to ride a prehminary signal of 8 

The manager shall fix such other signals as may be 
required. This regulation shall not apply to any shaft in 
course of being sunk at the date of this regulation coming 
into force. 

(190) No person other than the banksman or chargeman 
shall give any signal unless he is an official of the mine or 
is authorised in writing by the manager to give signals. 

AMERICAN BUREAU OF MINES. 

Abstract of Mining Rules. 

Section II. — Transmission Lines and Cables. 

Rule 22. — In all roads where it is necessaiy for men to 
travel on foot, all wires, except signal wires, must be placed 
on the same side of the roadway. Signal wires should, 
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where practicable, be placed on the opposite side of the 
roadway from the other wires. 

RuJe 28. — Small wires for lighting or signal circuits 
shall be conveyed in pipes or casings, or they may be 
suspended from porcelain or glass insulators or securely 
tied to them, so that they do not touch any timbering, 
coal, or metal. On no account shall staples be used. If 
metallic pipes are used, they must be earthed, and if not 
electrically continuous, every section must be earthed. 
If separate imcased wires are used, they shall be kept at 
least three inches apart except at lamps or fittings. 

Electrical Symbols for Mine Maps. 
The United Stales Bureau of Mines, 

The State Mining Law, passed by the Pennsylvania 
Legislature in 1911, requires that the location of all 
stationary electrical apparatus forming part of the elec- 
trical system of bituminous coal mines, including per- 
manent cables, conductors, lights, switches, trolley lines, 
telephones, signal bells, and other apparatus, shall be 
shown on a map, and that the map shall also show the 
capacity of each motor, generator or transformer, and the 
nature of its duty. The Federal Bureau of Mines for 
some time previous to the enactment of the statute just 
mentioned had been considering the same subject, and 
had prepared a list of symbols for the purpose. Realising 
the advantages that will attend the adoption of a uniform 
system of indicating electrical apparatus on mine maps, 
the Bureau is issuing the following description of its sym- 
bols for the consideration of all who may be interested in 
the matter. All rotating machines are represented by 
ciieles. A list of these symbols is given in Figs. 1 and 2. 
The representation of switches is simple, as is shown by 
the symbols in Fig. 8. A list of the symbols for mis- 
cellaneous apparatus is given in Figs. 4 to 6. 
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A list of the symbols for conductors is given below : — 

Trolley T T 

Medium and low voltage, bare . . B 

Mediiun and low voltage, insulated . . I 

Mediiun and low voltage, leaded . . D 

Medium and low voltage, armoured . . E 

High voltage, leaded . . . . L 

High voltage, armoured ... .A 

Ground ....... G 

Telephone P 

Shot Firing H 

High tension lines on surface . . • 

In connection with the letter representing conductors, 
figures can be used to indicate the number of such con- 
ductors that pass any designated point. Regardless of 
the system used, more or less difficulty will be experienced 
in clearly representing several parallel conductors on 
small scale maps. The following plan has been adopted 
by the Bureau of Mines as most satisfactory for general 
use : A single dotted line is shown on the map wherever 
there are any electric wires. The presence and extent of 
such wires are then apparent at a glance. The number 
and character of the circuits are shown by symbols placed 
at points where the circuits begin or end. The symbols 
are understood to refer to what is passing inbye from the 
points at which the symbols are displayed. Whenever a 
circuit or a conductor is added or dropped, a new symbol 
is placed on the map. These symbols consist of groups 
of letters, each of which represents a conductor, as defined 
in the list above. A general idea of the application of 
these conductor symbols may be obtained from Fig. 7. 
For the sake of simplicity only one entry is shown. For 
the sake of clearness, explanatory notes are placed on the 
maps instead of in the text. 



A 



EXPLANATORY TEXT OF FIGURES TO 
APPENDIX. 

Fig, 1.* — Symbols fob Motors. 
Motors. Kans. Pumps. Hoists. 



o 






Direct Current, low voltage, open. 





Direct Current, low voltage, explosion proof. 



(o) @ 






Alternating Current, low voltage, open. 











( 


c 


) 



Altematiiig Current, low voltage, explosion proof. 



(§) 





*ltei Dating Current, high voltage, open. 



§ 
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Fig. 2.* — Symbols for Generators, Converters, and 
Transformers. 



Direct Current 



Alternating Current 




Motor-Generator Set, high voltage motor . 



Motor-Generator Set, low voltage motor . ( (^ ) ( \J ) ^OO 



Rotary Converters 



® 



lOO 



Transformers 



^y 



3— ICG 
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Fig. S* — Symbols for Switches, 

Switches, 
Explosion Proof. Open. 



Single Pole, single throw 




$ 



Single Pole, double throw 




$^ 



Double Pole, single throw 




2$ 



Double Pole, double throw 




2$^ 



Triple Pole, single throw 




3$ 
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Fig. 3.* — Symbols for Switches — Continued. 

Switches. 
Explosion Proof. Open. 



Triple Pole, double throw 




3$= 



Four Pole, single throw 




4$ 



Four Pole, double throw 




4$^ 



Oil, automatic 



• • • 



Oil, hand operated 



Automatic trolley 



• • • 



QvHl 
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Fig. 4.* — Miscellaneous Symbols. 

Lightning Arresters • -/ \ / \ ^ 



Switchboards | I 

Section Insulators (in trolley) i i 

■°"""'-'"'^"" ♦ 

Incandescent Lamps 



-X- 
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Fig. 5.* — Symbols for Signals. 

Luminous Signal Apparatus 

Signal Bells . 

Telephones 

Single Cell (Primary or Accumulator) 



V 

V 
I 



Battery (Primary or Accumulator) . . -^ 



HHi- 



=0 
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INDEX 



Accumulator, motor genera- 
tor and, 69 
Adnil rectifier, 74 

luminous shaft signal- 
ling apparatus, 131 
combined transmitter 

and receiver, 133 
automatic switch, 134 
Alternating current transfor- 
mer supply, 71 
Amalgamation of zinc ele- 
ment, 103 
Annunciators, 46 
needle, 53 
shutter, 46 
Armoured cables, 

suspension of, 144 
single suspension, 144 

Batteries, 

primary types of, 78 

setting up, 100 
maintenance of, 
102 
signal, electromotive 
force of, 99 
Bichromate cell, 91 

chemical charge for, 93 
maintenance of, 106 
setting up, 101 
Block signal electric bells, 29 

Cables, 

midticore, 143 
armoured, suspension of, 
144 
single suspen- 
sion of, 144 
E.M.S. 



Cells in parallel, 96 

in series, 95 
Cells, Leclanche 
Porous Pot, 79 
with cylindrical zinc, 82 
central zinc or carporous, 

83 
agglomerate block, 85 
six block agglomerate, 88 
sack, 89 
setting up, 101 
maintenance of, 104 
chemical charge for, 81, 

83, 85, 88, 89, 91 
Fuller or Bichromate, 91 
setting up, 101 
maintenance of, 104 
chemical charge for, 
93 
Classification of electric min- 
ing bells, 28 
Cleats, wood, 147 
Connecting bells in circuit, 35 



Differential electric bells,25 
action of, 27 

Direct current motor genera- 
tor and accumulator, 69 

Direct current motor genera- 
tor installations, 67 



Electric bells, 

connecting in circuit, 35 
classification of, 28 
block signal, 29 
differential, 25 

O 
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INDEX 



Electric he\U— continued, 
gas and water-tight, 32 
magneto, 33 
in parallel, 37 
resistance of, 42 
in series, 35 
shunt, 23 
single -stroke, 21 
trembling, 15 
types of, 14 
water and gas-tight, 32 
waterproof, 32 
wood-box, 28 
si^al indicators, 59 
Electnc hooters, 34 
relays, 37 

action of, 40 
wood-box, 41 
gas and water- 
tight, 41 
signal installa- 
tions, 152 
pressure, transforma- 
tion of, 66 
replacement indica- 
tors, 50 
Electromotive force of signal 

batteries, 99 
En^ne plane sectional signal- 

hng system, 151, 160 
Engine plane signalling ap- 
paratus, 
mechano -electric, 153 
in gaseous mines, 152 
Engine plane wiring, 

diagrams, 156, 158, 160, 

163, 164 
bare wire, 165 
signal insulators, 165 



Fuller cells, 91 

chemical charge for, 93 
maintenance of, 105 
setting up, 101 



Gas and water-tight 

ringing keys, 9 

bellpuU, 11 

electric bells, 32 

electric relays, 41 
Generators, 

magneto, 33 

direct current motor, 67 
and accumulators, 69 

Hooters, electric, 34 

Indicators, 

bell signal, 59 

shutter, 46 

mechanical replacement,. 

48 
electrical replacement, 50 
needle, 53 
visual signal, 55 

with continuous 
action relay and 
electrical replace- 
ment, 56 
Insulation of shaft signal 

wires, 140 
Insulators, 
fixing, 165 
shackle, 166 
engine plane signal, 165 

Jointing line wires, 141, 169 

Keys, 

morse ringing, 6 
plunger ringing, 8 
gas and water-tight ring- 
ing, 9 
bell pull ringing, 11 

Leclanche cells, 79 
setting up, 101 
maintenance of, 104 
chemical charge for, 81 
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Line wires, 

running, 168 

binding to insulators, 168 

jointing, 169 

twist joints, for 171 

shackling off, 171 



Magneto electric bells, 33 

generators, 
33 

Mechanical replacement in- 
dicators, 48 

Mechano-electric engine plane 
signalling apparatus, 153 

Mine shaft signalling appara- 
tus, Adnil luminous, 131 

Mine shaft signalling appara- 
tus, Siemens' luminous, 124 

Morse key signalling circuit, 
110, 114, 122 

Morse ringing keys, 6 



Needle indicators or annun- 
ciators, 53 



Parallel, bells in, 37 
cells in, 96 

Plunger ringing keys, 8 

Primary batteries, 
types of, 78 
setting up, 100 
maintenance of, 102 



Rectifiers, vibratory, 74 

Adnil, 74 
Relays, electric, 37 

action of, 40 
gas and water- 
tight, 41 
wood box, 41 
Relay, signal installations, 
152 



Resistance of 

mining bells, 42 
si^al alarms, 42 
relays, 42 



Series, bells in, 35 
cells in, 95 
Shackling off line wires, 171 
Shaft signalling, 

methods of, 107 
battery arrangement of, 

108 
wiring diagrams, 110 
visual electrical appara- 
tus, 122 
Siemens' luminous ap- 
paratus, 124 
Adnil luminous appara- 
tus, 131 
multicore cables for, 143 
suspension of armoured 

cables for, 144 
wires fixing, 140 

insulation of, 140 
jointing, 141 
Shaft wiring terminal boxes, 

148 
Shunt electric bell, 23 

action of, 24 
Shutter indicators, 46 
Siemens' luminous mine sig- 
nalling apparatus, 124 
Signal indicators. Bell, 59 
Signal relay installations, 152 
Signalling circuit, 

two-wire, 156, 158, 160 
three-wire, 156, 158, 163 
morse key, 164 
with relay, 160 
tapper key, 114, 118 
Signalling system, sectional, 

151 
Single-stroke electric bell, 21 
action of, 22 
adjustment of, 22 
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Tapper key signalling circuit, 

114, 118 
Terminal boxes. Shaft wiring, 

148 
Transformation of electric 

pressure, 66 
Transformer supply. Alter- 
nating current, 71 
Trembling electric bells, 15 
action of, 18 
adjustment of, 20 
Types of primary batteries, 7 8 
electric bells, 14 

Vibrating electric bells, 15 
Vibratory rectifiers, 74 
Visual signal indicators, 55 
with continuous action 
relay and electrical re- 
placement, 56 



Water and gas-tight bells, 32 
Water and gas-tight electric 

relays, 41 
Waterproof electric bells, 32 
Wiring, 

shaft terminal boxes, 148 
bare wire signal, 165 
sectional, 167 
Wires, 

shaft, insulation of, 140 

fixing, 140 
line, running, 168 

binding to insulators, 

168 
jointing, 169 
twist joints for, 171 
shackling off, 171 
Wood-box bells, 28 
relays, 41 
cleats, 147 
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Bevsridge, J. Papermaker'i Pocket Book i2mo, 

Biniis, C. F. Cenunk Technology 8vo, 

Manml of Practical Potting 8vo, 

The Potter's Craft i2mo, 

Birchmora, W. H« How to Uie a Gat Analysis i2mo, 

Blaine, IL G. The Calculus and Its Applications. i2mo, 

Blake, W. H. Brawen* Vade Mecom 8vo, 

Blake, W. P. Report upon the Precious Metals 8vo, 

BUgh, W. G. The Practical Design of Irrigati<m Wotka 8vo, 

Blttcher, H. Modem Industrial Chemistry. Trans, hy J. P. 

MHUngton 8vo, 

Blyth,A. W. Foods: Their Composition and Analysis 8vo, 

Poisons: Their Effects and Detection 8vo, 

Btfckmann, F. Celluloid i2mo, 

Bodmer, G. IL Hydraulic Motors and Turbines i2mo, 

Boileau, J. T. Traverse Tables. 8vo, 

Bonney, G. £. The Electro-platers' Handbook i2mo. 

Booth, W. H. Water Softening and Treatment 8vo, *2 50 

Superheaters and Superheating and their Control 8vo, *i 50 

Bottcher, A. Cranes: Their Construction, Mechanical Equip- 
ment and W<«king. Trans, by A. Tolhausen 4to, *io 00 

Bottler, M. Modem Bleaching Agents. Trans, by C. Salter 

i2mo, *2 50 

Bottone, S. R. Magnetos for Automobilists i2mo, ^i 00 

Boulton, S. B. Preservation of Timber. (Science Series No. 

82.) i6mo, o 50 

Bourgougnon, A. Physical Problems. (Science Series No. 113.) 

i6mo, o 50 
Bourry, E. Treatise on Ceramic Industries. Trans, by 

W. P. Rix 8vo, *s 00 

Bow, R. H. A Treatise on Bracing 8vo, i 50 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining . 8vo, 5 00 
Bowker, W. R. Dynamo Motor and Switchboard Circuits . .8vo, *2 50 
Bowles, O. Tables of Common Rocks. (Science Series) .i6mo, o 50 
Bowser, E. A. Elementary Treatise on Analytic Geometry. i2mo, i 75 

Elementary Treatise on the Differential and Integral 

Calculus i2mo, 2 25 

Elementary Treatise on Analytic Mechanics i2mo, 3 00 

Elementary Treatise on Hydro-mechanics i2mo, 2 50 
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Bowser, £. A. A Treatise on Roofs and Bridges lame, *2 25 

Boycott, G. W. M. Compressed Air Work and Diving 8vo, *4 00 

Bragg, E. M. Marine Engine Design i2mo, *2 00 

Brainard, F. R. The Sextant. (Science Series No. 10 1.) 

i6mo, 

Brassey's Naval Annual for 1911 8vo, *6 00 

Brew, W. Three-Phase Transmission 8vo, *2 00 

Brewer, R. W. A. The Motor Car i2mo, *2 00 

Briggs, R., and Wolff, A. R. Steam-Heating. (Science Series 

No. 67.) i6mo, o 50 

Bright, C. The Life Story of Sir Charles Tilson Bright 8vo, *4 50 

British Standard Sections 8x15 *i 00 

Complete list of this series (45 parts) sent on application. 
Broadfoot, S. K. Motors Secondary Batteries. (Installation 

Manuals Series.) i2mo, *o 75 

Broughton, H. H. Electric Cranes and Hoists *9 00 

Brown, G. Healthy Foundations. (Science Series No. 80.) 

i6mo, o 50 

Brown, H. Irrigation 8vo, *s 00 

Brown, Wm. N. The Art of Enamelling on Metal i2mo, *i 00 

Handbook on Japanning and Enamelling i2mo, • *i 50 

House Decorating and Painting i2mo, *i 50 

History of Decorative Art i2mo, *i 25 

Dipping, Burnishing, Lacquering and Bronzing Brass 

Ware i2mo, *i 00 

Workshop Wrinkles 8vo, *i 00 

Browne, R. E. Water Meters. (Science Series No. 81.). i6mo, o 50 

Bruce, E. M. Pure Food Tests i2mo, *i 25 

Bruhns, Dr. New Manual of Logarithms 8vo, half mor., 2 50 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and 

Leather Dressings. Trans, by C. Salter 8vo, *3 00 

Buel, R. H. Safety Valves. (Science Series No. 21.) i6mo, o 50 

Bulmann, H. F., and Redmayne, R. S. A. Colliery Working and 

Management .8vo, 6 00 

Burgh, N. P. Modern Marine Engineering 4to, half mor., 10 00 

Burt, W. A. Key to the Solar Compass i6mo, leather, ' 2 50 

Burton, F. G. Engineering Estimates and Cost Accounts. 

i2mo, *i so 

Buskett, E. W. Fire Assaying i2mo, *i 25 
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CaliiyW. Brief Cotine in the Calctilus i2ino, *i 75 

Elastic Arches. (Science Series No. 48.) i6mOy o 50 

MsTimnm Stresses. (Science Series No. 38.) i6mo, o 50 

Practical Designing Retaining of Walls. (Science Series 

No. 3.) i6mo, o 50 

Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series) i6mo, o 50 

Theory of Voussoir Arches. (Science Series No. 12.) 

i6mo, o 50 

Symbolic Algebra. (Science Series No. 73.) i6mo, o 50 

Campin, F. The Construction of Iron Roofs 8vo, 2 00 

Carpenter, F. D. Geographical Surveying. (Science Series 

No. 37.) i6mOy 

Carpenter, R« C, and Diederichs, H. Internal-Combustion 

Engines 8vo, *5 00 

Carter, E. T. Motive Power and Gearing for Electrical Machin- 
ery 8vo, *5 00 

Carter, H. A. Ramie (Rhea), China Grass i2mo, *2 00 

Carter, H. R« Modem Flax, Hemp, and Jute Spinning 8vo, *3 00 

Cathcart, W. L. Machine Design. Parti. Fastenings 8vo, *3 00 

Cathcaft, W. L., and Chaffee, J. I. Elements of Graphic Statics 

and General Graphic Methods 8vo, *3 00 

Short Course in Graphic Statics i2mo, *i 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemis- 
try i2mo, *2 00 

Chambers' Mathematical Tables 8vo, i 75 

Chamock, G. F. Workshop Practice. (Westminster Series.) 

8vo {In Press.) 

Charpentier, P. Timber Svo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science 

Series.) i6mo, o 50 

How to Use Water Power i2mo, *i 00 

Child, C. T. The How and Why of Electricity i2mo, i 00 

Christie, W. W^ Boiler-waters, Scale, Corrosion, Foaming. 

8vo, ^3 00 

Chimney Design and Theory 8vo, ^3 00 

Furnace Draft. (Science Series) x6mo, o 50 

Church's Laboratory Guide. Rewritten by Edward Kinch.. 8 vo, *2 50 

Clapperton, G. Practical Papermaking 8vo, 2 50 
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Clark, A. G. Motor Car Engineering. Yd. L Construction. 

{In Press,) 

Clark, C. H. Marine Gas Engines i2mo, *i 50 

Clark, D. K. Rules, Tables and Data for Mechanical Engineers 

8vo, 5 00 

Fuel: Its Combustion and Economy i2mo, i 50 

The Mechanical Engineer's Pocketbook i6mo, 2 00 

Tramways: Their Construction and Working 8vo, 7 50 

Clark, J. M. New System of Laying Out Railway Turnouts. . 

i2mo, I 00 
Clausen-Thue, W. ABC Telegraphic Codet Fourth Edition 

i2mo, *5 00 

Fifth Edition 8vo, *7 00 

The Ai Telegraphic Code Svo, ^7 50 

Cleemann, T. M. The Railroad Engineer's Practice i2mo, *i 50 

Clerk, D., and Idell, F. £. Theory of the Gas Engine. (Science 

Series No. 62.) i6mo, o 50 

Clevenger, S. R. Treatise on the Method of Government Sur- 
veying i6mo, mor,, 2 50 

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, *$ 00 

Coflin, J. H. C. Navigation and Nautical Astronomy i2mo, *3 50 

Colbum, Z., and Thurston, R. H. Steam Boiler Explosions. 

(Science Series No. 2.) i6mo, o 50 

Cole, R. S. Treatise on Photographic Optics i2mo, i 50 

Coles-Finch, W. Water, Its Origin and Use Svo, *s 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, 

Jewelers i6mOy o 50 

Constantine, E. Marine Engineers, Their Qualifications and 

Duties Svo, *2 00 

Coombs, H. A. Gear Teeth. (Science Series No. 120). . . i6mo, o 50 

Cooper, W. R. Primary Batteries Svo, ^4 00 

«« The Electrician " Primers , Svo, *$ 00 

Part I *i 50 

Part n *2 50 

Part ni *2 00 

Copperthwaite, W. C. Tunnel Shields .4to, ♦p 00 

Corey, H. T. Water Supply Engineering Svo (In Press.) 

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) i6mo, o 50 
Water and Water-Supply. (Science Series No. 17.). . i6mo, o $0 
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Cornwall, H. B. Hantsal of Blow-pipe Analysis Svo, *2 50 

Courtney, C. F. Masonry Dams 8vo, 3 50 

Cowell, W. B. Pure Air, Ozone, and Water i2mo, *2 00 

Craig, T. Motion of a Solid in a FueL (Science Series No. 49.) 

i6mo, o 50 

Wave and Vortex Motion. (Science Series No. 43.) . i6mo, o 50 

Cramp, W. Continuous Current Machine Design 8vo, *2 50 

Crocker, F. B. Electric Lighting. Two Volumes. 8vo. 

VoL I. The Generating Plant 3 00 

VoL II. Distributing Systems and Lamps 3 00 

Crocker, F. B., and Arendt, M. Electric Motors 8vo, *2 50 

Crocker, F. B., and Wheeler, S. S. The Management of Electri- 
cal Machinery X2mo, *! 00 

Cross, C. F., Bevan, £. J., and Sindall, R. W. Wood Pulp and 

Its Applications. (Westminster Series.) 8vo, *2 00 

Crosskey, L. R. Elementary Prospective ~ 8vo, i 00 

Crosskey, L. R., and Thaw, J. Advanced Perspective 8vo, i 50 

Culley, J. L. Theory of Arches. (Science Series No. 87.)i6mo, o 50 

Davenport, C. The Book. (Westminster Series.) 8vo, *2 00 

Da vies, D. C. Metalliferous Minerals and Mining 8vo, 5 00 

Earthy Minerals and Mining 8vo, 5 00 

Da vies, E. H. Machinery for Metalliferous Mines 8vo, 8 00 

Da vies, F. H. Electric Power and Traction 8vo, *2 00 

Dawson, P. Electric Traction on Railways 8vo, *9 00 

Day, C. The Indicator and Its Diagrams i2mo, *2 00 

Deerr, N. Sugar and the Sugar Cane 8vo, ♦S 00 

Deite, C. Manual of Soapmaking. Trans, by S. T. King. .4to, *5 00 
De la Coux, H. The Industrial Uses of Water. Trans, by A. 

Morris 8vo, *4 50 

Del Mar, W. A. Electric Power Conductors 8vo, *2 00 

Denny, 6. A. Deep-Level Mines of the Rand 4 to, *io 00 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.). . . i6mo, o 50 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Desaint, A. Three Hundred Shades and How to Mix Them . .8vo, *io 00 

De Varona, A. Sewer Gases. (Science Series No. 55.) . . . i6mo, o So 
Devey, R. G. Mill and Factory Wiring. (Installation Manuals 

Series.) i2mo, *i 00 
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Dibdin, W. J. Public Lighting by Gas and Electricity 8vo, *8 oo 

Purification of Sewage and Water 8vo, 6 50 

Dichman, C. Basic Open-Hearth Steel Process 8vo, *^ 50 

Dietrich, K. Analysis of Resins, Balsams, and Gum Resins .8vo, *3 00 
Dinger, Lieut H. C. Care and Operation of Naval Machinery 

i2mo. *2 00 
Dixon, D. B. Machinist's and Steam Engineer's Practical Cal- 
culator i6mo, mor., i 25 

Doble, W. A. Power Plant Construction on the Pacific Coast 

(In Press.) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and 

the Industrial Arts i2mo, i 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, mor., 2 00 

Down, P. B. Handy Copper Wire Table i6mo, *i 00 

Draper, C. H. Elementary Text-book of Light, Heat and 

Sound i2mo, i 00 

Heat and the Principles of Thermo-dynamics .' . . i2mo, i 50 

Duckwall, E. W. Canning and Preserving of Food Products. 8 vo, *5 00 
Dumesny, P., and Noyer, J. Wood Products, Distillates, and 

Extracts 8vo, *4 50 

Duncan, W. G., and Penman, D. The Electrical Equipment of 

Collieries 8vo, *4 00 

Duthie, A. L. Decorative Glass Processes. (Westminster 

Series) 8vo, *2 00 

Dyson, S. S. Practical Testing of Raw Materials 8vo, ^^ 00 

Dyson, S. S., and Clarkson, S. S. Chemical Works (In Press.) 

£ccles,R.G., and Duckwall, E.W. Food Preservatives. 8 vo, paper, o 50 

Eddy, H. T. Researches in Graphical Statics 8vo, i 50 

Maximum Stresses under Concentrated Loads 8vo, i 50 

Edgcumbe, K. Industrial Electrical Measuring Instruments. 

8vo, *2 50 

Eisslcr, M. The Metallurgy of Gold 8vo, 7 50 

The Hydrometallurgy of Copper 8vo, ^4 50 

The Metallurgy of Silver 8vo, 4 00 

The Metallurgy of Argentiferous Lead 8vo, 5 00 

— • Cyanide Process for the Extraction of Gold 8vo, 3 00 

A Handbook of Modern Explosives 8vo, 5 00 
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Ekin, T. C. Water Pipe and Sewage Discharge Diagrams 

folio, *3 00 
Eliot, C. W., and Storer, F. H. Compendious Manual of Qualita- 
tive Chemical Analysis lamo, *i 25 

Elliot, Major G. H. European Light-house Systems 8vo, 5 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils , . . .8vo, ^4 00 

Applied Thermodynamics 8vo, *4 50 

Flying Machines To-day i2mo, *i 50 

Vapors for Heat Engines i2mo, *i 00 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner . . .Svo, *7 50 

Erskine -Murray, J. A Handbook of Wireless Telegraphy.. Svo, *3 50 

Evans, C. A. Macadamized Roads {In Press.) 

Ewing, A. J. Magnetic Induction in Iron Svo, *4 00 

Fairie, J. Notes on Lead Ores i2mo, *i 00 

— : — Notes on Pottery Clays i2mo, *! 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. 

(Science Series No. 58.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws .. .8vo, *3 00 
Fanning, T. T. Hydraulic and Water-supply Engineering. 

Svo, *s 00 
Fauth, P. The Moon in Modem Astronomy. Trans, by J. 

McCabe Svo, *2 00 

Fay, I. W. The Coal-tar Colors Svo, *4 00 

Fembach, R. L. Glue and Gelatine Svo, *3 00 

Chemical Aspects of Silk Manufacture i2mo, *i 00 

Fischer, E. The Preparation of Organic Compounds. Trans. 

by R. V. Stanford i2mo, *i 25 

Fish, J. C. L. Lettering of Working Drawings Oblong So, i 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

Svo, *3 50 

Fiske, Lieut. B. A. Electricity in Theory and Practice Svo, 2 50 

Fleischmann, W. The Book of the Dairy. Trans.- by C. M. 

Aikman Svo, 4 00 

Fleming, J. A. The Alternate-current Transformer. Two 

Volumes Svo, 

Vol. I. The Induction of Electric Currents *5 00 

Vol. n. The Utilization of Induced Currents *5 00 

Propagation of Electric Currents Svo, ^3 00 
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Randau, P. Enamels and Enamelling 8vo, 

Rankine) W. J. M. Applied Mechanics 8vo, 

Civil Engineering 8vo, 

Machinery and Millwork Svo, 

• The~Steam-engine and Other Prime Movers Svo, 

Useful Rules and Tables 8vo, 

Rankine, W. J. M., and Bamber, £. F. A Mechanical Text- 
book Svo, 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains Svo, 

Rathbone, IL L. B. Simple Jewellery Svo, 

Rateau, A. Flow of Steam through Nozzles and Orifices. 

Trans, by H. B. Brydon Svo, *! 50 

Rausenberger, F. The Theory of the Recoil of Guns Svo, *4 50 

Rautenstrauch, W. Notes on the Elements of Machine Design, 

Svo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and * 
Empirical Design. 

Part L Machine Drafting Svo, *i 25 

Part n. Empirical Design (In Preparatioti.) 

Rajrmond, E. B. Alternating Current Engineering iimo, 

Rayner, H. Silk Throwing and Waste Silk Spuming Svo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery 

Trades Svo, 

Recipes for Flint Glass Making lamo, 

Redwood, JU Petroleum. (Science Series No. 92.) i6mo, 

Reed'f Engineers' Handbook Svo, 

Key to the Nineteenth Edition of Reed's Engineers' Hand- 
book Svo, 

Reed's Useful Hints to Sea-going Engineers i2mo, 

Marine Boilers i2mo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students oblong 4to, boards, 

The Technic of Mechanical Drafting. . . oblong 4to, boards. 

Reiser, F. Hardening and Tempering of SteeL Trans, by A. 

Morris and H. Robson i2mo, *2 50 

'Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. 

by A. Morris and H. Robson Svo^ *2 50 

Spinning and Weaving Calculations Svo, *5 00 
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Renwick, W. G. Harble and Harble Working 8vo, 5 00 

Reynokit, O., and Idell, F. E. Triple Expansion Engines. 

(Science Series No. 99.) i6mo, o 50 

Rhead, G. F. Sim|rie Stmctural Woodw<«k i2mo, *z 00 

Rhead, G. W. British Pottery Marks 8vo, *$ 00 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, o 50 

Richardson, J. The Modem Steam Engine 8vo, *3 50 

Richardson, S. S. Magnetism and Electricity i2mo, *2 00 

Rideal, S. Glue and Glue Testing 8vo, *4 00 

Rings, F. Concrete in Theory and Practice lamo, *2 50 

Ripper, W. Course of Instruction in Ms chine Drawing. . . folio, *6 00 
Roberts, F. C. Figure of the Earth. (Science Series No. 79.) 

i6mo, o 50 
Roberts, J., Jr. Laboratory Wm-k in Electrical Engineering. 

8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 3 00 

Robinson, J. B. Architectural Composition 8vo, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

(Science Series No. 24.) i6mo, o 50 

Railroad Economics. (Science Series No. 59.) z^no, o 50 

Wrought Iron Bridge Members. (Science Series No. 60.) 

i6mo, o 50 

Robson, J. H, Machine Drawing and Sketching Svo, *i 50 

Roebling, J. A. Long and Short Span Railway Bridges. . folio, 2500 

Rogers, A. A Laboratory Guide of Industrial Chemistry. . i2mo, *i 50 

Rogers, A., and Aubert, A. B. Industrial Chemistry (In Press.) 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) 

i6mo, o 50 

Rollins, W. Notes on X-Light 8vo, 5 00 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-running i2mo, 2 50 

Rose, T. K. The Precious Metals. (Westminster Series.) . .8vo, *2 00 

Rosenhain, W. Glass Manufacture. (Westminster Series.). .8 vo, *2 00 

Ross, W. A. Blowpipe in Chemistry and Metallurgy. . .i2mo, *2 00 
Rossiter, J. T. Steam Engines. (Westminster Series.) 

8vo (In Press.) 

Pumps and Pumping Machinery. (Westminster Series.) 

8vo (In Press.) 
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V. 

Roth. Physical Chemistry 8vo, *2 oo 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 

8vo, 7 50 
Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corro- 
sion. (Science Series No. 27.) i6mo, o 50 

Roxburgh, W. General Foundry Practice Svo, *s 50 

Ruhmer, £. Wireless Telephony. Trans, by J. Erskine- 

Murray 8vo, *3 5© 

Russell, A. Theory of Electric Cables and Networks Svo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph. 

i2mo, I 25 

Saeltzer, A. Treatise on Acoustics i2mo, i 00 

Salomons, D. Electric Light Installations. i2mo. 

Vol. I. The Management of Accumulators 2 50 

Vol. n. Apparatus 2 25 

Vol. ni. Applications i 50 

Sanford, P. G. Nitro-explosives Svo, *4 00 

Saunders, C. H. Handbook of Practical Mechanics i6mo, i 00 

leather, 

Saunnier, C. Watchmaker's Handbook i2mo, 

Sayers, H. M. Brakes for Tram Cars Svo, 

Scheele, C. W. Chemical Essays. Svo, 

Schellen, H. Magneto-electric and Dynamo-electric Machines 

Svo, 

Scherer, R. Casein. Trans, by C. Salter Svo, 

Schidrowitz, P. Rubber, Its Production and Uses Svo, 

Schmall, C. N. First Course in Analytic Geometry, Plane and 

Solid i2mo, half leather, 

Schmall, C. N., and Schack, S. M. Elements of Plane Geometry 

i2mo, 

Schmeer, L. Flow of Water Svo, 

Schumann, F. A Manual of Heating and Ventilation. 

i2mo, leather, 

Schwartz, E. H. L. Causal Geology Svo, 

Schweizer, V., Distillation of Resins Svo, 

Scott, W. W. Qualitative Chemical Analysis. A Laboratory 

Manual Svo *! 50 
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Scribner, J. M. Bnginaen' and Mechanics* Companion. 

i6mo, leather, z 50 

Searie, A. B. Modem Brickmaking 8vo, *5 00 

Searle, G. M. " Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) 8vo. o 50 

Seaton, A. £. Manual of Marine Engineering 8vo, 6 00 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 

Rubber and Gutta Percha. Trans, by J. G. Mcintosh 

8vo, *5 00 
Seidell, A. Solubilities of Inorganic and Organic Substances 

8vo, *3 00 

Sellew, W. H. Steel Rails 4to {In Press,) 

Senter, G. Outlines of Physical Chemistry lamo, *i 75 

Sever, 6. F. Electric Engineering Experiments 8vo, boards, *i 00 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests 

in Electrical Engineering 8vo, *2 50 

Sewall, C. H. Wireless Telegraphy 8vo, *2 00 

Lessons in Telegraphy i2mo, *i 00 

Sewell, T. Elements of Electrical Engineering 8vo, *3 00 

The Construction of D3rnamos 8vo, *3 00 

Sexton, A. H. Fuel and Refractory Materials i2mo, *2 50 

Chemistry of the Materials of Engineering z2mo, *2 50 

Alloys (Non-Ferrous) 8vo, *3 00 

The Metallurgy of Iron and Steel 8vo, *6 50 

Seymour, A. Practical Lithography 8vo, *2 50 

Modern Printing Inks 8vo, *2 00 

Shaw, H. S. H. Mechanical Integrators. (Science Series No. 

83.) i6mo, o so 

Shaw, P. E. Course of Practical Magnetism and Electricity . 8vo, *i 00 

Shaw, S. History of the Staffordshire Potteries 8vo, *3 00 

Chemistry of Compounds Used in Porcelain Manufacture 

8vo, *s 00 

Shaw, W, N. Forecasting Weather 8vo (/n Press.) 

Sheldon, S., and Hausmann, £. Direct Current Machines. 

8vo, *2 50 

Alternating-current Machines . 8vo, *2 50 

Electric Traction and Transmission Engineering 8vo, *2 50 
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Slierriff, F. F. Oil Merchants' Ifanual i2mo, 

SliieldSy J. £. Notes on Engineering Construction i2mo, 

Shock, W. H. Steam Boilers 4to, half mor., 

Sbreve, S. H. Strength of Bridges and Roofs 8vo, 

Sliunk, W. F. The Field Engineer i2mo, mor., 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture 8vo, 

Simmons, W. H., and Mitchell, C. A. , Edible Fats and Oils. 

8vo, 

Simms, F. W. The Principles and Practice of Leveling 8vo, 

Practical Tunneling 8vo, 

Simpson, 6. The Naval Constructor iimo, mor., 

Sinclair, A. Development of the Locomotive Engine. 

8vo, half leather, 

Twentieth Century Locomotive 8vo, half leather, 

Sindall, R. W. Manufacture of Paper. (Westminster Series.) 

8vo, 

Sloane, T. O'C. Elementary Electrical Calctdations i2mo, 

Smith, C. A. M. Handbook of Testing. VoL I. Materials.. 
Smith, C. A. M., and Warren, A. G. New Steam Tables. 8vo, 
Smith, C. F. Practical Alternating Currents and Testing. .8vo, 

Practical Testing of Dynamos and Motors Svo, 

Smith, F. E. Handbook of General Instruction for Medianics. 

i2mo. 

Smith, J. C. Manufacture of Arint 8vo, 

Smith, R. BL Prindples of Machine Work i2mo, 

Elements of Machine Work i2mo. 

Smith, W. Chemistry of Hat Manufacturing. i2mo, 

Snell, A. T, Electric Motive Power 8vo, 

Snow, W. 6. Pocketbook of Steam Heating and Ventilation . . (In Press.) 
Snow, W. 6., and Nolan, T. Ventilation of Buildings. (Science 

Series No. 5.) i6mo, 

Soddy, F. Radioactivity 8vo, 

Solomon, M. Electric Lamps. (Westminster Series.) 8vo, 

- Sothern, J. W. The Marine Steam Turbine 8vo, 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. 

Morris and H. Robson 8vo, *2 50 

Spang, H. W. A Practical Treatise on Lightning Protection. 

i2mo, I 00 
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Tate, J. S. Surcharged and Different Forms of Retaining-walls. 

Science Series No. 7 i6mo, 

Tern pie ton, W. Practical Mechanic's Workshop Companion. 

i2mo, mor.y 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster 

Series.) 8vo, *2 00 

Thayer, H. R. Structural Design {In Press.) 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice . . {In Preparation.) 
Thom, C, and Jones, W. H. Telegraphic Connections. 

oblong i2mo i 50 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thompson, A. Bi Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development 8vo, *5 00 

Thompson, E. P. How to Make Inventions 8vo, o 50 

Thompson, S. P. Dynamo Electric Machines. (Science Series 

No. 75.) i6mo, o 50 

Thompson, W. P. Handbook of Patent Law of All Countries 

i6mo, I 50 

Thomley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Spinning 8vo, 

First Year *i 50 

Second Year *2 50 

Third Year *2 50 

Thurso, J. W. Modem Turbine Practice : 8vo, *4 00 

Tidy, C. Meymott. Treatment of Sewage. (Science Series No. 

94.) i6mo, o 50 

Tinney, W. H. Gold-mining Machinery 8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry . .8vo, *2 00 

Toch, M. Chemistry and Technology of Mixed Paints 8vo, *3 00 

Materials for Permanent Painting . i2mo, *2 00 

Todd, J., and Whall, W, B. Practical Seamanship 8vo, *7 50 

Tonge, J. CoaL (Westminster Series.) 8vo, *2 00 

Townsend, F. Alternating Current Engineering — 8vo, boards, *o 75 

Townsend, J. Ionization of Gases by Collision 8vo, *i 25 

Transactions of the American Institute of Chemical Engineers. 

8vo, 

VoL L 1908 ♦a 00 

VoL n. 1909 *6 00 

Vol. in. 1910 *6 00 
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Traverse Tables. (Science Series No. 115.)' i6ino, o 50 

mor., I 00 
Trinks, W., and Housum, C. Shaft Governors. (Science 

Series No. 122.) i6mo,' o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) 

i6mOy o 50 

Tocker, J. H. A Ifanual of Sugar Analysis 8vo, 3 50 

Tumlirz, 0. PotentiaL Trans, by D. Robertson i2i»o, i 25 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. 

Pearse 8vo text aad folio atlas, 1000 

Turbayne, A. A. Alphabets and Numerals 4to, 2 00 

TurnbuUy Jr., J., and Robinson, S. W. A Treatise on the Com- 
pound Steam-engine. (Science Series No. 8.) . . . i6mo, 

Turrill, S. M. Elemestery Course in Perspectipe i2mo, *i 25 

Uoderhill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings i2mo, *2 00 

Urquhart, J. W. Electric Light Fitting i2mo, 2 00 

Electro-i^ting i2mo, v 2 00 

Electrotyping i2mo, 2 00 

Electric Ship Lighting i2mo, 3 00 

Universal Telegraph Cipher Code i2mo, i 00 

Vacher, F. Food Inspector's Handbook i2mo, *2 50 

Van Nostrand's Chemical Annual. Second issue 1909 .... i2mo, *2 50 

Year Book of Mechanical Engineering Data. First issue 

1912 (In Press.) 

Van Wagenen, T. F. Manual cf Hydraulic Mining i(^mo, i 00 

Vega, Baron, Von .Logarithmic Tables 8vo, half mor., 2 50 

Villon, A. M. Practical Treatise on the Leather' Industry. 

Trans, by F. T. Add^man 8vo, ♦lo 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. 

Salter 8vo, *2 00 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgiovics, G. Chemical Technology of Textile Fibres.. 

Trans, by C. Salter 8vo, *4 50 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, ^4 50 

Vose, G. L. Graphic Method for Solving Certain Questions 
in Arithmetic and Algebra. (Science Series No. 16.) 

i6mo, o 50 
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Wabner, R. Ventilation in Mines. Trans, by C. Salter. . . 8vo, *4 50 

Wade, E. J. Secondary Batteries 8vo, *4 00 

Wadsworth, C. Primary Battery Ignition i2mo (In Press.) 

Wagner, £. Preserving Fruits, Vegetables, and Meat i2mo, *2 50 

Walker, F. Aerial Navigation 8vo, 2 00 

Dynamo Building. (Science Series No. 98.) i6mo, o 50 

Electric Lighting for Marine Engineers 8vo, 2 00 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. . i2mo, *2 00 

Electricity in Mining 8vo, *3 50 

Walker, W. H. Screw Propulsion 8vo, o 75 

Wallis-Tayler, A. J. Bearings and Lubrication. 8vo, *! 50 

Modern Cycles 8vo, 4 00 

Motor Cars 8vo, i 80 

Motor Vehicles for Business Purposes 8vo, 3 50 

Pocket Book of Refrigeration and Ice Making. i2mo, i 50 

Refrigeration, Cold Storage and Ice Making 8vo, 

Sugar Machinery i2mo, *2 00 

Wanklyn, J. A. Water Analysis, i i2mo, 2 00 

Wansbrough, W. D. The A B C of the Differential Calculus 

i2mo, *! 50 

Slide Valves i2mo, *2 00 

Ward, J. H. Steam for the Million 8vo, i 00 

Waring, Jr., G. £. Sanitary Conditions. (Science Series No. 31.) 

i6mo, o 50 

Sewerage and Land Drainage *6 00 

Modem Methods of Sewage Disposal i2|po, 2 00 

How to Drain a House i2mo, i 25 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography, (Westminster Series.) 8vo, *2 00 

Watson, E. P. Small Engines and Boilers i2mo, i 25 

Watt, A. Electro-plating and Electro-refining of Metals *4 50 

Electro-metallurgy i2mo, i 00 

The Art of Paper Making *3 00 

The Art of Soap-making 8vo, 3 00 

Leather Manufacture 8vo, *4 00 

Weale, J. Dictionary of Terms used in Architecture z2mo, 2 50 

Weale's Scientific and Technical Series. (Complete list sent on 
application.) 
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Weather and Weather Instruments i2mo, i oo 

paper, o 50 
Webby H. L. Guide to the Testing of Insulated Wires and 

Cables i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, *2 00 

Weisbach, J. A Manual of Theoretical Mechanics 8vo, *6 00 

sheep, *7 50 
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 

8vo, ♦a 75 
Weston, £. B. Loss of Head Due to Friction of Water in Pipes 

i2mo, *i 50 
Wejrmottth, F. M. Drum Armatures and Commutators. 

8vo, *3 00 

Whcatley, O. Ornamental Cement Work (In Press.) 

Wheeler, J. B. Art of War iimo, , i 75 

Field Fortifications i2mo, i 75 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building Svo, 3 00 

Whithard, P. Illuminating and Missal Painting i2mo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) 

i6mo, o so 
Wilkinson, H. D. Submarine Cable Laying and Repairing. 

Svo, ^6 00 
Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine. 

{In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery .... .4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wimperis, H. £. Internal Combustion Engine Svo, *3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy. 

Svo, *s 50 
./inkier, C, and Lunge, G. Handbook of Technical Gas-Analy- 
sis Svo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77.) . i6mo, o 50 
Wisser, Lieut. J. P. Explosive Materials. (Science Series No. 

70.) i6mo, o 50 

Modem Gun Cotton. (Science Series No. 89.) i6mo, o 50 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 



D. VAN NOSTRANl) COMPANY'S SHORT-TITLE CATALOG 39 

Woodbury, D. V. Elements of Stability in the Well-propor- 
tioned Arch 8vo, half mor., 4 00 

Worden, £. C. The Nitrocellulose Industry. Two Volumes. 

8vo, *io 00 

Wright, A. C. Analysis of Oils and Allied Substances 8vo, *3 50 

Simple Method for Testing Painter's Materials 8vo, *2 50 

Wright, H. E. Handy Book for Brewers 8vo, ♦$ 00 

Wright, F. W. Design of a Condensing Plant i2mo, '*'i 50 

Wright, T. W. Elements of Mechanics 8vo, *2 50 

Wright, T. W., and Hayford, J. F. Adjustment of Observations 

8vo, ♦$ 00 

Young, J. E. Electrical Testing for Telegraph Engineers... 8vo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 

Zeidler, J., and Lustgarten, J. Electric Arc Lamps \8vo, *2 00 

Zeuner, A. Technical Thermodynamics. Trans, by J. F. 

Klein. Two Volumes 8vo, *8 00 

Zimmer, 6. F. Mechanical Handling of Material 4to, '^'lo 00 

Zipser, J. Textile Raw Materials. Trans, by C. Salter 8vo, *5 00 

Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport 8vo, *2 00 

Books sent postpaid to any address on receipt of price 
Descriptive circulars and complete catalogs may he had on applicaiion 



ELECTRICAL ENGINEER'S 
POCKETBOOK 

By HORATIO A. FOSTER 

(With th« co-op T »Hon ol •miamit upmctaHiM 
The Moa Compute Book of lU Kind Etot Publialiod 



POSTER'S Pocketbook it the huMy eiigmeer*t fint atdfltant When he wanii teJfy 
^ reliable infonnadoo, he turns to Foetor to get it for him, and he ^eti it Foater 
placet before him data oo the lateit and bett practice in electrical engineeimg with a ; 



mum expenditure of time and effort The material in Foater it logically arranged and is 
indexed in a full table of contents and a Yoluminous index that alone covers sixty P*ges» 
and to this is added a set of patent thumb index tabs that make reference to any section of 
the book practically instantaneous. The index is most thorough and reliable. It poinis 
ri^ to the spot where the information sought is. If you ever need informatioa on elec- 
tncily, you ought to have a copy of the new Sixth Edition. 

1,636 PagM 718 Tmbloa * 1,128 lUuatnilioiit $5.00 




CIVIL ENGINEER'S 
POCKETBOOK 

By ALBERT I. FRYE 

Now in Press — Nearly Ready 

A COMPREHENSIVE treatment of Gvil Engineering, m seventy sectioof. Each 
^^ subject receives economic consideration and analysis, and is reinforced with excerpts 
from, and references to, the most im^rtant cost and other data in our leading technical 
publications — including hundreds of lUustratioru of up-to-date engmeermg structures and 
details. *'How to de^gn engmeering structures economically** has received careful study 
in the preparation of this work. The fundamental principles laid down can be followed * 
readily by every young engmeer, and carried to practical completion in the finished structure. 
Most of the tables are new and have been prepared regardless of time and expense. Many 
of them have been arranged in a novel manner which will appeal especially to eiwineers; 
and all have been carefmly checked and rechecked, to eliminate the possibility of enors. 
Graphical methods have been illustrated freely throushout the^ work, and in connection 
with analytical solutions. Methods and cost of work have received special atten t ion. 

1,400 Pages 500 Tablet 1,100 Illualraliont 
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